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(57) In a communication system, a server can trans- 
fer between a mobile communication network and a 
packet communication network with a terminal continu- 
ing a communication with the mobile communication 
network. 

The server disposed in a packet network to repeat 
a packet between a first terminal and a second terminal 
comprises a session managing unit storing a first ad- 
dress of the first terminal assigned to a first session rep- 
resenting a connection status between the server of its 
own and the terminal and a second address of the first 


terminal assigned to a second session representing a 
connection status between the server of its own and the 
first terminal, a receiving unit receiving a packet contain- 
ing user data from the second terminal, a switching unit 
switching from the first session of a packet having the 
first address as a destination and containing the user 
data to the second session of a packet having the sec- 
ond address as the destination and containing the user 
data on the basis of the addresses stored in the session 
managing unit, and a transmitting unit transmitting the 
packet using the second session switched by the switch- 
ing unit. 


FIG. 2 
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Description 

Technical Field 

[0001] The present invention relates to a server, a mo- 
bile communication terminal, a radio apparatus, a com- 
munication method in a communication system and a 
communication system suitable for use in a communi- 
cation system which can concurrently use different 
kinds of networks, that is, a mobile communication net- 
work and another network (for example, Internet com- 
munication network). 

Background Art 

[0002] Since environments of mobile computing are 
prepared and the mobile communication network and 
IP (internet protocol) network (referred also as TCP/IP 
communication network or IP packet network) are both 
developed quickly, a mobile communication terminal 
can access to the IP network over the mobile commu- 
nication network to get a service provided by the IP net- 
work. A terminal such as a personal computer (herein- 
after abbreviated as a personal computer) connected to 
the IP network can transmit/receive an electronic mail 
and the like to/from a mobile communication terminal 
over the IP network and the mobile communication net- 
work. By connecting the both networks, various services 
are realized. 

[0003] However, while the mobile communication ter- 
minal is accessing to the mobile communication network 
to get the service provided by the IP network over the 
mobile communication network, the mobile communica- 
tion terminal cannot switch the network to be accessed 
from the mobile communication network to LAN (Local 
Area Network) and continue the TCP/IP communica- 
tion. 

[0004] Conversely, when the mobile communication 
terminal moves, for example, from the first floor of the 
company to the outside of the building while accessing 
to the LAN, the data communication path established 
between the mobile communication terminal and a serv- 
er installed on the floor is disconnected. Accordingly, 
when the mobile communication terminal is in commu- 
nication to receive an electronic mail, for example, the 
mobile communication terminal loses the communica- 
tion data (for example, the electronic mail data). For this, 
the user (a subscriber or a person who operates the mo- 
bile communication terminal) has to dial once more (re- 
dial) to the mobile communication network to newly set 
a data communication channel via a base station, an 
exchanger, etc., and again communicate. 
[0005] Consequently, while the user is communicat- 
ing important data, the user is limited his/her movement 
in order to avoid disconnection of the packet session (re- 
ferred as a communication session, occasionally; here- 
inafter abbreviated as a session, occasionally) for trans- 
mitting/receiving IP packets (IP datagram) , which spoils 


portability of the mobile communication terminal. 
[0006] In the light of the above problem, an object of 
the present invention is to provide a server, a mobile 
communication terminal, a radio apparatus, a commu- 

5 nication method in a communication system, and a com- 
munication system, by which a mobile communication 
terminal can transfer between the mobile communica- 
tion network and the packet communication network 
with the mobile communication terminal continuing the 

10 communication. 

Disclosure of Invention 
[0007] 

15 

(1 ) A server according to this invention disposed in 
a packet network to repeat a packet between a first 
terminal and a second terminal comprises a session 
managing unit storing a first address of the first ter- 

20 minal assigned to a first session representing a con- 
nection status between the server of its own and the 
terminal and a second address of the first terminal 
assigned to a second session representing a con- 
nection status between the server of its own and the 

25 first terminal, a receiving unit receiving a packet 
containing user data from the second terminal, a 
switching unit switching f rom the first session of a 
packet having the first address as a destination and 
containing the user data to the second session of a 

30 packet having the second address as the destina- 
tion and containing the user data on the basis of the 
addresses stored in the session managing unit, and 
a transmitting unit transmitting the packet using the 
second session switched by the switching unit. 

35 Accordingly, while carrying out a data commu- 

nication in a mobile communication network or a 
packet network, the user can freely move between 
different kinds of networks with the communication 
being continued. 

40 (2) A server according to this invention disposed in 
a packet network to repeat a packet between a first 
terminal and a second terminal comprises a session 
managing unit storing a first address of the first ter- 
minal assigned to a first session representing a con- 

45 nection status between the server of its own and the 
first terminal and a second address of the first ter- 
minal assigned to a second session representing a 
connection status between the server of its own and 
the first terminal, a receiving unit receiving a packet 

50 having the first address or the second address as a 
source address and containing user data from the 
first terminal in the first session or the second ses- 
sion, and a transmitting unit transmitting a packet 
containing the user data in the received packet and 

55 having an address of the server of its own as the 
source address to the second terminal in both the 
first session and the second session. 

Accordingly, the user can be handed over 
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seamlessly, that is, without hindrance. Additionally, 
it is possible to reduce the resources of the net- 
works, and decrease the connection charge. 

(3) The first address may be either an address as- 
signed by a mobile communication network or an 5 
address assigned by the IP network, and the sec- 
ond address may be the other address. Accordingly, 
data transmission/reception becomes possible 
without largely changing the existing installations. 

(4) The first session may be either a session in 10 
which the first terminal communicates with the IP 
network over a mobile communication network or a 
session in which the first terminal directly accesses 

to the IP network to communicate with the same, 
and the second session may be the other session. *5 
Accordingly, synchronous sessions are set so that 
simultaneous data communications become possi- 
ble. 

(5) The switching unit may monitor a quality of a ra- 
dio signal transmitted from the first terminal in the 20 
first session, and switch the first session or the sec- 
ond session on the basis of predetermined detec- 
tion. Accordingly, packets obtained from different 
sessions can be appropriately transmitted and re- 
ceived. 25 

(6) A mobile communication terminal according to 
this invention accessing to a mobile communication 
network connected to a packet network to be able 
to carry out a packet communication with a server 

in the packet network comprises an access obtain- 30 
ing unit directly accessing to the packet network, not 
over the mobile communication network, to obtain 
an access for a packet communication, a control 
unit controlling the address obtaining unit to obtain 
an address when a predetermined operation is per- 35 
formed on the mobile communication terminal or it 
is detected that a direct access to the packet net- 
work becomes possible during the packet commu- 
nication with the server, and a switching unit switch- 
ing the packet communication with the server to a *o 
packet communication by a direct access to the 
packet network using the address obtained by the 
address obtaining unit. 

Accordingly, it is possible to dynamically switch 
the data transmission path with a movement of the 45 
portable terminal. Additionally, each of establish- 
ment of multiple sessions, a synchronization regis- 
tration and a data transmission session is regis- 
tered, exchanged and switched, whereby the net- 
work environments can be dynamically changed. 50 

(7) A mobile communication terminal according to 
this invention directly accessing to a packet network 
connected to a mobile communication terminal, not 
over the mobile communication network, to be able 

to carry out a packet communication with a server 55 
in the packet network comprises an address obtain- 
ing unit directly accessing to the mobile communi- 
cation network to obtain an address for a packet 


communication, a control unit controlling the ad- 
dress obtaining unit to obtain an address when a 
predetermined operation is performed on the mo- 
bile communication terminal or it is detected that a 
direct access to the packet network becomes pos- 
sible during the packet communication with the 
server, and a switching unit switching the packet 
communication with the server to a packet commu- 
nication by a direct access to the mobile communi- 
cation network using the address obtained by the 
address obtaining unit. 

Accordingly, even when the mobile communi- 
cation terminal moves to a different kind of network 
during a data communication, seamless handover 
becomes possible so that the user can avoid a trou- 
ble. 

(8) The control unit may notify the server of the ob- 
tained address before the switching. Accordingly, 
each of the mobile terminals can multiplex a plural- 
ity of sessions. Further, the portable terminal can 
transmit and receive data such as a short message, 
for example. 

(9) The switching unit may switch according to an 
instruction from the server. Accordingly, synchro- 
nous sessions are set for data transmission/recep- 
tion, and concurrent data communication becomes 
possible. Additionally, the amount of investment in 
the packet network can be small. 

(10) The switching unit may stop to transmit a pack- 
et for the packet communication with the server ac- 
cording to a first instruction from the server, switch 
according to a second instruction after the first in- 
struction, and start to transmit a packet. According- 
ly, large capacity transmission becomes possible. 

(11) A radio apparatus according to this invention 
disposed in a packet network to carry out a radio 
communication with a mobile communication termi- 
nal comprises a measuring means measuring a re- 
ceive quality in the radio communication, and a 
transmitting unit transmitting a received packet from 
the mobile communication terminal, a measured re- 
ceive quality or deterioration information generated 
on the basis of the receive quality to a server in the 
packet network which is in communication with the 
mobile communication terminal. 

Accordingly, an address is dynamically given to 
the mobile communication terminal so that the mo- 
bile communication terminal can be appropriately 
managed. 

(12) A communication method in a communication 
system according to this invention comprising a 
server disposed in a packet network and a mobile 
communication terminal being able to access to 
both a mobile communication network connected to 
the packet network and the packet network, com- 
prises the steps of sending a packet to be transmit- 
ted when the mobile communication terminal car- 
ries out a packet communication with another ter- 
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minal via the server, and controlling a source ad- 
dress of the packet to the another terminal by the 
server so that the source address of the packet re- 
mains unchanged before and after a switching of 
the network to which the mobile communication ter- 5 
minal accesses. 

Accordingly, it is possible to improve the secre- 
cy of data between the portable terminal and a com- 
munication destination terminal, transmit and re- 
ceive a large capacity of data, and establish a plu- 10 
rality of different synchronous sessions coping with 
the communication. Additionally, it is possible to re- 
connect without re-dialing, so that the load of com- 
munication monitoring can be diminished. 

(13) The communication method in a communica- is 
tion system according to this invention in claim 12 
further comprises the steps of notifying of an ad- 
dress to be used in a network to be switched to from 

the mobile communication terminal when the net- 
work to which the mobile communication terminal 20 
accesses is switched, and switching a destination 
address of a packet from the another terminal to the 
notified address by the server when the network to 
which the mobile communication terminal accesses 
is switched. 25 

Accordingly, when the user accesses to the IP 
network, it is possible to decrease the number of 
resources of repeating networks transferring IP 
packet data, and shorten the delay time of the pack- 
et data. 30 

(14) A communication method in a communication 
system according to this invention comprises a first 
session communication step at which a first termi- 
nal communicates with a first server in a packet net- 
work over a mobile communication network using a 35 
first session representing a connection status be- 
tween the first terminal and the first server, a syn- 
chronous communication step at which the first 
server starts a synchronous communication with a 
second server in the packet network, a synchroni- 40 
zation registration request transmission step at 
which the first terminal transmits a synchronization 
registration request using a packet communication 

set between the first terminal and the first server, a 
second session establishment step at which a sec- 45 
ond session representing a direct connection status 
between the first server having received the syn- 
chronization registration request and the first termi- 
nal is established, a handover step at which the first 
server having received the synchronization regis- so 
tration request hands over, a switching step at 
which the first terminal switches from the mobile 
communication network to the packet network, and 
a communication step at which the first terminal 
communicates with the second terminal over the 55 
switched packet network using the synchronous 
communication started at the switching step. 

Accordingly, two sessions are established be- 


tween the mobile communication terminal and the 
home agent in the packet network so that the ses- 
sion used to transmit and receive packets between 
the home agent and the mobile communication ter- 
minal is switched. 

(15) A communication system according to this in- 
vention comprises a packet network, a mobile com- 
munication network connected to the packet net- 
work, a server disposed in the packet network to 
repeat a packet between a first terminal and a sec- 
ond terminal; and the first terminal transmitting/re- 
ceiving a packet to/from the server directly or over 
the mobile communication network, the server com- 
prising a session managing unit storing a first ad- 
dress of the first terminal assigned to a first session 
representing a connection status between the serv- 
er of its own and the first terminal and a second ad- 
dress of the first terminal assigned to a second ses- 
sion representing a connection status between the 
server of its own and the first terminal, a receiving 
unit receiving a packet containing user data from 
the second terminal, a switching unit switching from 
the first session of a packet having the first address 
as the destination and containing the user data to 
the second session of a packet having the second 
address as a destination and containing the user 
data on the basis of the addresses stored in the ses- 
sion managing unit and a transmitting unit transmit- 
ting the packet in the second session switched by 
the switching unit, the mobile communication termi- 
nal comprising a transmitting/receiving unit trans- 
mitting/receiving a packet to/from the server in the 
packet network directly or over the mobile commu- 
nication network connected to the packet network, 
an address obtaining unit obtaining an address for 
a packet communication from the packet received 
by the transmitting/receiving unit, generating a 
packet having the obtained address and directly ac- 
cessing to the packet network, an address manag- 
ing unit storing the address for the packet commu- 
nication obtained by the address obtaining unit, a 
control unit controlling the address obtaining unit to 
obtain the address for the packet communication 
when detecting a predetermined operation or a sta- 
tus in which a direct access to the packet network 
becomes possible during the packet communica- 
tion with the server over the mobile communication 
network, and a switching unit switching from the 
packet communication with the server over the mo- 
bile communication network to a packet communi- 
cation by a direct access to the server when the con- 
trol unit detects, and inputting the address for a 
packet stored in the address managing unit to the 
address obtaining unit. 

Accordingly, it is possible to diminish the load 
on the server, effectively manage the network, and 
avoid the communication from being disconnected. 
Further, it is possible to initiate a number of users, 
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and multiplex sessions. 
Brief Description of Drawings 
[0008] 

FIG. 1 is a diagram showing a structure of a com- 
munication system according to a first embodiment 
of this invention; 

FIG. 2 is a diagram for illustrating handover be- 
tween different kinds of networks according to the 
first embodiment of this invention; 
FIG. 3 is a diagram for illustrating another handover 
between different kinds of networks according to the 
first embodiment of this invention; 
FIG. 4 is a schematic functional block diagram of a 
base station according to the first embodiment of 
this invention; 

FIG. 5 is a schematic functional diagram of an ac- 
cess server according to the first embodiment of this 
invention; 

FIG. 6 is a schematic functional diagram of a mobile 
communication terminal according to the first em- 
bodiment of this invention; 
FIG. 7 is a schematic block diagram of a radio hub 
according to the first embodiment of this invention; 
FIG.-8 is a schematic functional block diagram of a 
repeating server according to the first embodiment 
of this invention; 

FIG. 9 is a diagram showing an example of an IP 
address management table according to the first 
embodiment of this invention; 
FIG. 10 is a functional block diagram of a home 
agent according to the first embodiment of this in- 
vention; 

FIG. 11 is a diagram showing an example of a Syn- 
cML table according to the first embodiment of this 
invention; 

FIG. 12 is a diagram showing a sequence for illus- 
trating SyncML synchronization restration; 
FIG. 13 is a diagram showing a sequence for illus- 
trating SyncML communication; 
FIG. 14 is a diagram showing a sequence in which 
the mobile communication terminal 1 communi- 
cates with a communication destination terminal 
over an IP network; 

FIG. 15 is a diagram showing an example of a ses- 
sion management table according to the first em- 
bodiment of this invention; 
FIG. 16 is a diagram showing a sequence for illus- 
trating a switching process from a first session to a 
second session; 

FIG. 17 is a diagram showing a communication se- 
quence over a mobile communication network ac- 
cording to the first embodiment of this invention; 
FIG. 1 8 is a diagram showing a handover sequence 
from the mobile communication network to the IP 
network according to the first embodiment of this 


invention; 

FIGS. 19(a) and 19(b) are diagrams for illustrating 
an effect provided when this invention is applied; 
FIGS. 20(a) and 20(b) are diagrams for illustrating 
5 another effect provided when this invention is ap- 
plied; 

FIG. 21 is a schematic diagram showing a structure 
of an IP network according to a first modification of 
the first embodiment of this invention; 
10 FIG. 22 is a schematic diagram showing a structure 
• of an IP network according to a second modification 
of the first embodiment of this invention; 
FIG. 23 is a diagram showing a structure of a com- 
munication system according to a second embodi- 
es ment of this invention. 

Best Mode for Carrying Out the Invention 

(A) Description of First Embodiment of the Invention 

20 

(A-1 ) Principle of the Invention 

[0009] FIG. 1 is a diagram showing a structure of a 
communication system 100 according to a first embod- 
25 iment of this invention. The communication system 1 00 
shown in FIG. 1 comprises a mobile communication net- 
work 300 and an IP packet network (hereinafter referred 
as an IP network 200, occasionally) connected to each 
other. 

30 [0010] The mobile communication network 300 is a 
network allowing accesses by radio in a wide range, 
such as a PDC (Personal Digital Cellular) system, a 
PHS (Personal Handy Phone System), a W-CDMA 
(Wideband-Code Division Multiple Access) system or 

35 the like. The mobile communication network 300 com- 
prises base stations 300a and 300d as being appara- 
tuses for radio communication, routing apparatuses 
300b and 300c, and access servers 310a and 310b as 
being apparatuses for IP address assignment and pro- 

40 tocol conversion. 

[0011] The IP network 200 is a communication net- 
work using Internet protocol, and is a network being able 
to transmit/receive data by means of TPC/IP (Transport 
Control Protocol/Internet Protocol). The IP network 200 

45 comprises, for example, IP packet networks (IP net- 
works) 200a and 200b which are private IP networks, 
and an IP network 400c which is a public IP network. 
[0012] The IP networks 200a and 200b comprise ra- 
dio hubs (radio hub apparatuses) 11 and 51 as being 

50 apparatuses carrying out local radio communication, re- 
peating servers 12 and 52 as being apparatuses assign- 
ing IP addresses and repeating IP packets, and home 
agent servers 1 (first server: hereinafter referred as a 
home agent, occasionally) and 41 (second server: here- 

55 inafter referred as a home agent, occasionally), respec- 
tively. Incidentally, all or a part of the IP networks 200a, 
200b and 400c can be shared. 
[0013] The home agents 1 and 41 are servers dis- 
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posed in the IP networks 200a and 200b, respectively, 
to repeat IP packets between a movable communication 
terminal 10 and a mobile communication terminal 50. 
[0014] Reference characters 10 and 50 denotes mo- 
bile communication terminals used in this communica- 
tion system 100, each of which can communicate with 
the mobile communication network 300. The mobile 
communication terminal 1 0 carries out a packet commu- 
nication (a communication using IP packets) via the 
home agent 1 and the radio hub 11 of the IP network 
200a or over a mobile communication network connect- 
ed to the IP network 200a. The mobile communication 
terminal 10 comprises a main body unit 10a having an 
accessing function to the mobile communication net- 
work 300 and a radio adapter 10b for connecting by ra- 
dio to the radio hubs 11 and 51. 
[0015] Whereby, each of the mobile communication 
terminals 10 and 50 can communicate with the mobile 
communication terminal 50 or 10 by both an access to 
the IP network 200 over the mobile communication net- 
work 300 and a direct access to the IP network 200. 
Each of the mobile communication terminals 10 and 50 
can access to the IP network 200 while accessing to the 
mobile communication network 300. Conversely, each 
of the mobile communication terminals 10 and 50 can 
access to the mobile communication network 300 while 
accessing to the IP network 200. Additionally, a TCP/IP 
communication between the mobile communication ter- 
minals 1 0 and 50 is via led either the home agent 1 or 41 . 
[0016] Meanwhile, a party with which the mobile com- 
munication terminal 1 0 communicates may be a person- 
al computer or the like connected to the IP network 200b 
in lieu of the mobile communication terminal (hereinafter 
referred as a communication destination terminal, occa- 
sionally) 50. 

[0017] Hereinafter, description will be made of a com- 
munication method between the mobile communication 
terminals 10 and 50 using the communication system 
100. 

[0018] FIG. 2 is a diagram for illustrating handover be- 
tween different types of networks (from the mobile com- 
munication network 300 to the IP network 200a) accord- 
ing to the first embodiment of this invention, where a 
session Q1 , a session Q3 and a handover process Q2 
for shifting from the session Q1 to the session Q3 are 
shown. 

[0019] The session Q1 is a session in which the mo- 
bile communication terminal 10 communicates with the 
home agent 1 (the IP network 200a) over the mobile 
communication network 300. In the session Q1 , the mo- 
bile communication terminal 1 0 first accesses to the mo- 
bile communication network 300. The mobile communi- 
cation terminal 10 establishes a session with the mobile 
communication network 300 to transmit/receive IP 
packets for the mobile communication network (herein- 
after referred as packets for mobile communication net- 
work, occasionally). The mobile communication net- 
work 300 transmits/receives IP packets to/from the 


home agent 1 of the IP network 200a. The home agent 
1 communicates with the home agent 41 using SyncML 
protocol. The home agent 41 transmits/receives IP 
packets to/from the radio hub 51 (refer to FIG. 1) dis- 

5 posed in the IP network 200b. The radio hub 51 com- 
municates with the mobile communication terminal 50 
using a short distance radio communication protocol 
(Bluetooth protocol). Details of these protocols will be 
described later. 

10 [0020] The session Q3 is a session in which the mo- 
bile communication terminal 10 directly accesses to the 
IP network 200a to communicate with the home agent 
1. In this case, the mobile communication terminal 10 
first accesses to the IP network 200a. The mobile corn- 
's munication terminal 10 communicates with the radio 
hub 11 (refer to FIG. 1) using Bluetooth protocol. The 
radio hub 11 transmits/receives IP packets to/from the 
home agent 1. The mobile communication terminal 10 
communicates with the communication destination ter- 

20 minal 50, over a SyncML communication between the 
home agents 1 and 41, a packet communication be- 
tween the home agents 41 and the IP network 200b and 
a Bluetooth communication between the IP network 
200b and the mobile communication terminal 50. 

25 [0021] In the handover process Q2, the mobile com- 
munication terminal 10 in communication in the session 
Q1 accesses to the IP network 200a to be given an IP 
address !P*a, whereby the mobile communication termi- 
nal 1 0 gets into a status (Q2a) in which the TCP/IP com- 

30 munication is possible. The mobile communication ter- 
minal 10 establishes a session with the home agent 1 
directly from the IP network, and transmits a synchroni- 
zation registration request message (referred also as a 
synchronization registration request signal or a synchro- 

35 nization registration request) to the home agent 1 using 
an IP packet in order to assign this session for handover 
(Q2b). 

[0022] In FIG. 2, IPsa and the like in parentheses of 
the synchronization registration request message (mes- 

40 sage Q2b) show elements of the IP packet. "IPsa" and 
"IP'a" before ";" are a header, showing the destination 
and the source of the IP packets in this order. "SNa," 
"IPsb," "SNb" and "IP" after ";" are contents contained 
in the data part (this notation being common to descrip- 

45 tions in parentheses in other drawings). 

[0023] "IPsa" in the IP header is an IP address of the 
home agent 1. "IP'a" is an IP address assigned to the 
mobile communication terminal 10 for the session Q3. 
The IP address "IPsa" is identified by the IP networks 

50 200a and 200b, and other IP networks. The IP address 
"IP'a" is identified by only the IP network 200a. 
[0024] "SNa, " "IPsb, " "SNb" and "IP" in the data part 
represent terminal identification information on the mo- 
bile communication terminal 10, an IP address of the 

55 home agent 41 to which the communication destination 
terminal 50 registers synchronization, terminal identifi- 
cation information on the mobile communication termi- 
nal 50 and a session type, respectively. The session 
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type is classified into "IP" and "mobile." "IP" represents 
that the mobile communication terminal 10 is directly 
connected to the IP network 200a (the home agent 1). 
"Mobile" represents that the mobile communication ter- 
minal 1 0 is connected to the home agent 1 over the mo- 5 
bile communication network 300. Incidentally, the termi- 
nal identification information "SNa" and "SNb" is before- 
hand stored in the home agents 1 and 41 , and managed 
by the same. 

[0025] When receiving the synchronization registra- 10 
tion request message, the home agent 1 authenticates 
whether or not "SNa" contained in the message coin- 
cides with identification information stored therein 
(Q2c). When it is determined through the authentication 
that the mobile communication terminal 1 0 is a terminal 1 5 
qualified to get the service, a session for handover is 
established between the mobile communication termi- 
nal 10 and the home agent 1 (Q2d), the home agent 1 
carries out a handover process (Q2f), and the network 
to which the mobile communication terminal 1 0 access- 20 
es is switched from the mobile communication network 
300 to the IP network 200a in the mobile communication 
terminal 10 (Q2e). 

[0026] More details of the processes Q2f and Q2e are 
as follows. In the process Q2f, the home agent 1 notifies 25 
a start of the handover process as a start message to 
the mobile communication terminal 10 over the IP net- 
work 200a or the mobile communication network 300, 
and notifies an end of the handover process as an end 
message to the mobile communication terminal 10 over 30 
the IP network 200a or the mobile communication net- 
work 300, as well. 

[0027] When receiving the start message, the mobile 
communication terminal 10 stops the packet communi- 
cation with the mobile communication terminal 50 over 35 
the mobile communication network 300, and prepares 
to switch it to the packet communication over the IP net- 
work 200a. When the mobile communication terminal 
10 recognizes that preparation of the handover is com- 
pleted in the home agent 1 by receiving the end mes- <o 
sage, the mobile communication terminal 10 resumes 
packet transmission, which has been stopped, to the IP 
network 200a, whereby the switching is carried out. 
[0028] As above, two sessions are established be- 
tween the mobile communication terminal 10 and the 45 
home agent 1 in the IP network 200a, and the session 
for transmitting/receiving packets between the home 
agent 1 and the mobile communication terminal 10 is 
switched. 

[0029] On the other hand, in handover between dif- so 
ferent types of networks, from the IP network 200a to 
the mobile communication network 300, there are car- 
ried out a session Q3, a handover process Q4, and a 
session Q1, as shown in FIG. 3. 

[0030] In the handover process Q4, the mobile com- 55 
munication terminal 10 is connected by dialing up to the 
mobile communication network 300 using PPP (Point to 
Point Protocol) (Q4a), and is assigned an IP address 


"IP"a" by the access server 310a. The mobile commu- 
nication terminal 10 transmits a synchronization regis- 
tration request message containing "IP"a" to the home 
agent 1 . After the home agent 1 authenticates the syn- 
chronization registration request message (Q4c), the 
second session in which the mobile communication net- 
work 300 to be accessed is established (Q4d), and a 
handover process (Q4f) in the home agent 1 and an ac- 
cess switching from the mobile communication network 
300 to the IP network 200a in the mobile communication 
terminal 10 (Q4e) are carried out. 
[0031] As above, the mobile communication terminal 
10 can switch between two sessions with the home 
agent 1 at need. 

[0032] The home agents 41 and 1, and the mobile 
communication terminals 50 and 10 may be connected 
over wires in spite of by radio. This method will be de- 
scribed later in a first modification of the first embodi- 
ment. 

(A-2) Detailed Structure of the Communication System 
of the Invention 

[0033] Next, detailed description will be made of the 
mobile communication network 300, the mobile commu- 
nication terminals 10 and 50, and the IP networks 200a, 
200b and 400c for use to realize a communication meth- 
od in the above communication system. 

(1) Mobile Communication Network 300 

[0034] The mobile communication network 300 
shown in FIG. 1 is connected to the IP networks 200a 
and 200b, and other subscriber fixed telephone network 
(not shown). The mobile communication network 300 
comprises the base stations (BS) 300a and 300d, the 
exchangers (EX) 300b and 300c, and the access serv- 
ers 310a and 310b. 

[0035] The mobile communication network 300 may 
be provided with a plurality of base stations. In which 
case, the mobile communication network 300 is 
equipped with a base station control apparatus or the 
like for controlling assignment of channels to the plural 
base stations or anything. 

(1-1) Base Stations 300a and 300d, and Exchangers 
300b and 300c 

[0036] The base station 300a receives a radio signal 
[radio data: hereinafter referred as an RF (Radio Fre- 
quency) signal, occasionally] transmitted from the mo- 
bile communication terminal 10, demodulates the radio 
signal and transmits the demodulated data to the ex- 
changer 300b, while modulating data transmitted from 
the exchanger 300b and transmitting an RF signal to the 
mobile communication terminal 10. The base station 
300d is similar in function to the base station 300a, 
which transmits/receives data to/from the mobile com- 
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munication terminal 50 and the exchanger 300c. 
[0037] Each of the exchangers 300b and 300c is used 
as an apparatus having a function of routing IP packets 
for mobile communication network (hereinafter referred 
as packets for mobile communication network, occa- 
sionally) from the base stations 300a and 300d or other 
exchanger (not shown). Incidentally, "routing" signifies 
transferring of an IP packet to the most suitable router, 
server or the like according to the destination of the IP 
packet, which mainly stands for processing in the net- 
work layer. These exchangers 300b and 300c may be 
replaced with routers when the mobile communication 
network 300 additonally has the TCP/IP communication 
function. 

[0038] FIG. 4 is a schematic functional block diagram 
of the base station 300a according to the first embodi- 
ment of this invention. The base station 300a shown in 
FIG. 4 comprises a mobile communication antenna unit 
301 e, a mobile communication radio unit 301 f and a 
control unit 301a. 

[0039] The mobile communication antenna unit 301 e 
is an antenna for transmitting/receiving RF signals. The 
mobile communication radio unit 301 f carries out a 
transmitting/receiving process such as modulation/de- 
modulation and the like of RF signals, including an RF 
circuit (not shown). The control unit 301 a controls or an- 
ything a unit disposed in the base station 300 to convert 
the data format between the exchanger 300b and the 
mobile communication radio unit 301 f. 
[0040] The base station 300d is similar in structure to 
the base station 300a. 

(1-2) Access Servers 310a and 310b 

[0041] The access server 310a converts a packet for 
mobile communication network transmitted in the mo- 
bile communication network 300 into an IP packet which 
can be transmitted in the IP network 200a, and transmits 
the IP packet to the IP network 200a, while converting 
an IP packet from the IP network 200a into a packet for 
mobile communication network and transmitting the 
packet to the exchanger 300b. Namely, the access serv- 
er 310a has a function of converting the protocol from 
one to another between the mobile communication net- 
work 300 and the IP network 200a. Further, the access 
server 310a has a function of assigning an IP address 
to the mobile communication terminal 1 0 when receiving 
an IP address assignment request message from the 
mobile communication terminal 10, and transmitting the 
assigned IP address to the mobile communication ter- 
minal 10. 

[0042] FIG. 5 is a schematic functional block diagram 
of the access server 310a according to the first embod- 
iment of this invention. The access server 310a shown 
in FIG. 5 comprises a data converting unit 310c, a PPP 
connecting process unit (PPP connecting unit) 31 Od, a 
TCP/IP processing unit 31 Oe, an operating system 301c 
and a CPU (Central Processing Unit) 301 d. Incidentally, 


like reference characters in FIG. 5 designate like or cor- 
responding part or like or corresponding functions, de- 
tailed descriptions of which are thus omitted. 
[0043] The TCP/IP processing unit 31 Oe carries out a 
5 TCP/IP process on an IP packet. The PPP connecting 
process unit 31 Od assigns an IP address to the mobile 
communication terminal 10 according to PPP by which 
the mobile communication terminal 10 is dial-up-con- 
nected. The data converting unit 310c converts an IP 
10 packet for mobile communication network outputted 
from the exchanger 300b into the TCP/IP format. The 
converted IP packet is transmitted from the TCP/IP 
processing unit 31 Oe to the IP network 200a. On the oth- 
er hand, an IP packet received by the TCP/IP process- 
es jng unit 31 Oe is converted into a packet for mobile com- 
munication network by the data converting unit 310c, 
and outputted to the exchanger 300b. 
[0044] Accordingly, the communication system 100 
can fuse the mobile communication network 300 and the 
20 |p network 200a to enable data communication with 
each other. The access server 310b is similar in struc- 
ture to the access server 310a. 
[0045] Whereby, a user A (a person who operates the 
mobile communication terminal 10) can access to the 
25 access server 310a via the base station 300a to com- 
municate with the home agent 1 . The user A can access 
to the access server 310b and another access server 
(not shown) via the access server 31 0a. A user B (a per- 
son who operates the mobile communication terminal 
30 50) can be connected to a desired IP network via the 
access server 310b. 

[0046] As above, the user A and the user B can carry 
out data communication via the access servers 310a 
and 310b, respectively. 

35 

(2) Mobile Communication Terminals 10 and 50 

[0047] An example of the mobile communication ter- 
minals 10 and 50 shown in FIG. 1 is a cellular phone 
40 which can access to the mobile communication network 
300 and the IP network 200a to communicate, which 
comprises a cellular phone function unit 1 0a and a radio 
adapter 10b. 

[0048] FIG. 6 is a schematic function block diagram 
45 of the mobile communication terminal 10 according to 
the first embodiment of this invention. The mobile com- 
munication terminal 10 shown in FIG. 6 comprises a fifth 
transmitting/receiving unit 14, a radio adapter 10b, and 
a terminal application processing unit 10c. The fifth 
50 transmitting/receiving unit 14 and the terminal applica- 
tion processing unit 10c correspond to the cellular 
phone function unit 10a shown in FIG. 1. 
[0049] The radio adapter 10b and the fifth transmit- 
ting/receiving unit 14 to be described later cooperate 
55 with each other to function as the transmitting/receiving 
units 10b or 14 which transmits and receives a packet 
to/from the home agent 1 in the IP network 200a, directly 
or over the mobile communication network 300. 
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(2-1) Fifth Transmitting/Receiving Unit 14 

[0050] The fifth transmitting/receiving unit 14 has a 
function of accessing to the mobile communication net- 
work 300 to carry out data communication such as voice 
communication, packet communication and the like, for 
example. The fifth transmitting/receiving unit 14 com- 
prises a mobile communication antenna unit 1 0f which 
transmits/receives an RF signal to/from the base station 
300a, and a mobile communication radio unit 10g which 
carries out a transmitting/receiving process on an RF 
signal inputted/outputted from/to the mobile communi- 
cation antenna unit 10f. 

(2-2) Radio Adapter 10b 

[0051] The radio adapter unit 10b functions as a Blue- 
tooth protocol processing unit for establishing a commu- 
nication with a radio hub 11 in order to access to the IP 
network 200a. 

[0052] The Bluetooth protocol is a short distance radio 
communication protocol, which enables a short distance 
communication within a range from about 10m (meters) 
to 100m. According to the protocol, a net called a piconet 
having one master machine and seven slave machines 
is configured. Namely, the radio hub 11 (refer to FIG. 1) 
functions as the master machine, while the radio adapt- 
er 10b functions as the slave machine. 
[0053] The radio hub 11 can simultaneously transmit/ 
receive data to/from a maximum of seven radio adapters 
10b by time division multiplex access. Accordingly, the 
radio hub 11 can carry out a one-to-many communica- 
tion in the IP network 200a. 

[0054] The relation between the master machine and 
the slave machine may be converted. Namely, the radio 
adapter 10b may function as the master machine, 
whereas the radio hub 11 and radio adapters (not 
shown) of other mobile communication terminals may 
function as the slave machines. 
[0055] The radio adapter 1 0b comprises, for example, 
a Bluetooth antenna unit 10i, a Bluetooth radio unit 10h 
and a Bluetooth processing unit (a short distance radio 
communication protocol processing unit) 10j. The Blue- 
tooth antenna unit 10i is an antenna for transmitting/re- 
ceiving an RF signal using Bluetooth protocol, which 
transmits an RF signal to the radio hub 11 and receives 
an RF signal from the radio hub 11 . The Bluetooth radio 
unit 10h has a function for a receiving process on an RF 
signal received by the Bluetooth antenna unit 10i, and 
a function of converting a signal from the Bluetooth 
processing unit 10h into an RF signal and inputting the 
RF signal into the Bluetooth antenna unit 10i. The Blue- 
tooth radio unit 10h includes an RF circuit. Whereby, an 
RF signal is transmitted and received using Bluetooth 
protocol between the mobile communication terminal 10 
and the radio hub 11. 

[0056] The Bluetooth processing unit 10j has a func- 
tion of controlling the Bluetooth radio unit 10h to trans- 


mit/receive a control signal to/from the radio hub 11 , and 
establishing a session according to the Bluetooth pro- 
tocol with the radio hub 11. The Bluetooth processing 
unit 1 0j also has a function of, after the session is es- 
5 tablished, converting an IP packet from the terminal ap- 
plication processing unit 10c into data in a format ac- 
cording to the Bluetooth protocol, inputting the data into 
the Bluetooth radio unit 10h, while converting data from 
the Bluetooth radio unit 10h into IP packet data and in- 
putting the data into the terminal application processing 
unit 10c. Each of these functions is accomplished by a 
CPU, a ROM (Read Only Memory) or a RAM, etc. of the 
portable terminal 10a. 

[0057] The radio adapter 10b may be provided inside 
a casing of the mobile communication terminal 10. The 
functions of the radio adapter 10 may be integrated into 
the portable terminal 10a, or may be connected to the 
portable terminal 10a with a cable and a connecter (not 
shown) to be detachable from the mobile communica- 
tion terminal 10a. 

[0058] The mobile communication terminal 50 is sim- 
ilar in structure to the mobile communication terminal 1 0 
shown in FIG. 6, further description of which is thus omit- 
ted. 

(2-3) Terminal Application Processing Unit 10c 

[0059] The terminal application processing unit 10c 
comprises a packet communication encryption process- 
ing unit 4a, a decryption processing unit 4n, a TCP/IP 
processing unit (an address obtaining unit) 4f, a hando- 
ver processing unit 4b, an agent authentication process- 
ing unit4d, an agent synchronization processing unit (a 
control unit) 4e, an agent information unit 4c, an IP ad- 
dress managing unit (an address managing unit) 4g and 
a mobile communication connection processing unit 4h. 
[0060] Next, description will be made of these 
processing units. 

[0061] The encryption processing unit 4a encrypts da- 
ta to be transmitted to a communication destination ter- 
minal (the mobile communication terminal) 50, a cellular 
phone, the home agent 41 , a server, or the like) with key 
data, and outputs the data. The key data is "a common 
key" that is beforehand exchanged between the mobile 
communication terminals 10 and 50. The encryption 
processing unit 4a encrypts data to be transmitted to the 
communication destination terminal with the key data in 
a general encryption algorithm such as 3DES (Data En- 
cryption Standard) , RC4 (Rivest Code #4) or the like. 
3DES and RC4 are encryption algorithms called a sym- 
metric system where an encrypting key and a decrypting 
key are identical, but the lengths of the encrypting keys 
are different. 

[0062] The decryption processing unit4n decrypts the 
received data with a common key, and outputs the de- 
crypted data. 

[0063] Use of the encryption processing unit 4a and 
the decryption processing unit 4n improves secrecy of 
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data between the portable terminal 10a and the com- 
munication destination. 

[0064] Next, description will be made of the handover 
processing unit 4b. 

[0065] The handover processing unit 4b has a func- 
tion of establishing two or more sessions in which user 
data can be transmitted and received (hereinafter re- 
ferred as session processing establishing or multiple 
sessions establishing, occasionally) , and a function of 
switching sessions for user data transmission/recep- 
tion. 

[0066] First, the former multiple sessions establishing 
function will be described. 

[0067] When the mobile communication terminal 10 
accesses to either the mobile communication network 
300 or the IP network 200a and transmits/receives user 
data to/from a terminal belonging to the IP network 200b 
via the home agent 1 , the hand over processing unit 4b 
accesses to the other network according to an operation 
of an operating unit (not shown) of the mobile commu- 
nication terminal 10 by the user, or preferably when de- 
tecting deterioration of the quality of a received signal 
. (for example, a receiving level, presence/absence of re- 
ception, or something) from the base station 300a or the 
radio hub 11 , and controls the IP address managing unit 
4g to obtain a new IP address. The handover processing 
unit 4b establishes a new session using the new IP ad- 
dress with the home agent 1 . The handover processing 
unit 4b controls the agent synchronization processing 
unit 4e to register this session with the home agent 1 , 
thereby establishing multiple sessions. This function is 
a multiple sessions establishing function. 
[0068] The above deterioration of the quality of the re- 
ceived signal is detected, for example, when the receiv- 
ing level drops below a level beforehand set, or when 
the SN ratio drops below a value beforehand set (L2), 
or when the error rate drops below a level beforehand 
set, each of which hinders the communication. 
[0069] The latter session switching function is a func- 
tion of switching to a session to be used in order to trans- 
mit/receive user data. Namely, this is a function of 
switching a session having been used for transmission 
and reception of packets to a session newly added by 
the multiple session establishing function. The mobile 
communication terminal 10 can use any one of two or 
more different sessions established by this function. 
[0070] When the session is switched, the handover 
processing unit 4b reads out an IP address to be used 
in the new session from the IP address managing unit 
4g to be described later, and notifies the TCP/IP 
processing unit 4f of it. Whereby, the mobile communi- 
cation terminal 10 can communicate in a switched ses- 
sion. 

[0071 ] Next, description will be made of the agent au- 
thentication processing unit 4d. 
[0072] The agent authentication processing unit 4d 
has a function of carrying out an authenticating process 
with the home agent 1 using an encryption algorithm. 


This authenticating process is a process of determining 
whether or not the mobile communication terminal 1 0 is 
a terminal which is qualified to get the service provided 
by the home agent 1. This authenticating procedure is 

5 beforehand determined between the mobile communi- 
cation terminal 10 and the home agent 1 , and the agent 
authentication processing unit 4d executes the authen- 
ticating procedure. In this authentication, hash algorithm 
corresponding to MD5 is used, for example. 

w [0073] Next, description will be made of the agent syn- 
chronization processing unit 4e. 
[0074] The agent synchronization processing unit 4e 
has a synchronization registering function. This syn- 
chronization registering function is a function of notifying 

15 the home agent 1 managing the mobile communication 
terminal 10, from the mobile communication terminal 10 
itself (hereinafter referred as own terminal, occasional- 
ly), of terminal identification information "SNa" on own 
terminal, terminal identification information "SNb" on a 

20 communication destination terminal (here, the mobile 
communication terminal 50), an IP address "IPsb" of the 
home agent 41 managing the communication destina- 
tion terminal 50, and a type of the session "IP" or "mo- 
bile" (hereinafter an IP packet used for this notification 

25 being referred as a synchronization registration request 
message, occasionally). 

[0075] The agent synchronization processing unit 4e 
also has a function of adding, deleting or anything the 
synchronization registration other than the synchroniza- 

30 tion registration request. Whereby, the load of monitor- 
ing the communication on the home agent 1 is de- 
creased. A sequence carried out by the agent synchro- 
nization processing unit 4e will be described later with 
reference to FIGS. 14 through 18. 

35 [0076] Next, description will be made of the agent in- 
formation unit 4c. 

[0077] The agent information unit 4c has a function of 
controlling the radio adapter 1 0b or the fifth transmitting/ 
receiving unit 14 when the mobile communication ter- 

40 minal 10 starts to communicate with another mobile 
communication terminal 50 to transmit the IP address 
"IPsa" of the home agent 1 and the terminal identifica- 
tion information "SNa" on the mobile communication ter- 
minal 10 to the mobile communication terminal 50 over 

45 the mobile communication network 300 or the IP net- 
work 200a. Additionally, the agent information unit 4c 
has a function of receiving the IP address "IPsb" of the 
home agent 41 and the terminal identification informa- 
tion "SNb" for identifying the mobile communication ter- 

50 minal 50 in the IP network 200b transmitted from the 
agent information unit 4c of the communication destina- 
tion terminal 50, and storing them. 
[0078] When the agent information unit 4c transmits 
"IPsa" and "SNa" over the mobile communication net- 

55 work 300, it is possible to transmit them to the destina- 
tion communication terminal 50 by a short message 
(SMS: Short Message Service). 
[0079] "IPsb" and "SNb" contained in the above syn- 
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chronization registration notification message received 
by the agent information unit 4c may be stored, and read 
out to be used. 

[0080] The agent authentication processing unit 4d, 
the agent synchronization processing unit 4e and the 
agent information unit 4c cooperate with each other to 
function as a data agent processing unit which commu- 
nicates with both the mobile communication network 
300 and the destination communication terminal 50 syn- 
chronized by the message. These functions are accom- 
plished by that an IC (Integrated Circuit) or a CPU, a 
RAM, a ROM, etc. cooperate with each other. 
[0081] Next, description will be made of the IP ad- 
dress managing unit 4g. 

[0082] The IP address managing unit 4g generates an 
IP address assignment request message (an IP address 
assignment request signal) for requesting the repeating 
server 12 to assign an IP address, and an IP address 
assignment request message for requesting the access 
server 310a to assign an IP address. The IP address 
managing unit 4g controls the radio adapter 1 0b and the 
mobile communication connection processing unit4h to 
transmit these IP address assignment request messag- 
es to the radio hub 11 and the base station 300a. 
[0083] When receiving an IP address assigned by the 
repeating server 12 or the access server 310a, the IP 
address managing unit 4g stores the IP address. When 
the mobile communication terminal 1 0 carried out an IP- 
communication over the mobile communication network 
300 or by directly accessing to the IP network 200a, the 
stored IP address is used. 

[0084] Next, description will be made of the mobile 
communication connection processing unit4h. The mo- 
bile communication connection processing unit 4h con- 
trols the fifth transmitting/receiving unit 14 (refer to 2-1 ) 
to transmit/receive an RF signal with the base station 
310a disposed in the mobile communication network 
300, thereby communicating with the destination com- 
munication terminal 50 over the base station 300a or a 
terminal in another network connected to the mobile 
communication network 300. 

[0085] The TCP/IP processing unit 4f obtains an ad- 
dress assigned to its own terminal for packet communi- 
cation from a packet received by the transmitting/receiv- 
ing unit (10b, 14), generates a packet having the ob- 
tained address as a transmission address, and directly 
accesses to the IP network 200a (or the mobile commu- 
nication network 300). In concrete, the TCP/IP process- 
ing unit 4f carries out a TCP/IP process to transmit/re- 
ceive an IP packet, which generates an IP packet, and 
captures an IP packet addressed to its own terminal. 

(3) IP Networks 200a and 200b 

[0086] Each of the IP networks 200a and 200b (refer 
to FIG. 1) is an IP network using a radio LAN, where a 
plurality of local networks of enterprise, school, local 
government and the like are connected. These IP net- 


works 200a and 200b are connected to the IP network 
400c, each of which comprises the radio hub 11 or 51, 
the repeating server 12, the agent server 1, and the 
gateway server (GW) 13 or 53. 

(3-1) Radio Hubs 11 and 51 

[0087] Each of the radio hubs 11 and 51 locally trans- 
mits/receives data by radio to/from the mobile commu- 
nication terminal 10 or 50, while transmitting/receiving 
an IP packet to/from the repeating server 12 or 52. In- 
cidentally, the hub function is that one port (a physical 
port) outputs a received frame to another port, standing 
for transmission/reception of packets mainly in layer 2 
or below. 

[0088] FIG. 7 is a schematic block diagram of the ra- 
dio hub 11 according to the first embodiment of this in- 
vention. The radio hub 11 shown in FIG. 7 comprises a 
radio receiving unit 11a, a radio transmitting unit 11b, a 
data processing unit 11c, a communication monitoring 
unit 11d, a packet transmitting unit 11 e and a packet re- 
ceiving unit 11g. The radio receiving unit 11a receives 
an RF signal from the mobile communication terminal 
10. The radio transmitting unit 11b transmits data from 
the home agent 1 to the mobile communication terminal 
10. The data processing unit 11c processes an RF sig- 
nal and data from the home agent 1 . The communication 
monitoring unit 11d monitors the receiving quality of or 
the deterioration information on the RF signal. The pack- 
et transmitting unit 11 e transmits data from the data 
processing unit 11c to the home agent 1 , which compris- 
es a quality information transmitting unit 1 1f which trans- 
mits the receiving quality or the deterioration information 
to the home agent 1 of the packet network 200a in com- 
munication with the mobile communication terminal 10. 
[0089] Whereby, Bluetooth data of the mobile com- 
munication terminal 10 is demodulated by the radio re- 
ceiving unit 11a, and the demodulated data is processed 
by the data processing unit 1 1 c, while the receiving qual- 
ity and the deterioration information are monitored by 
the communication monitoring unit 11d The receiving 
quality or the deterioration information and the proc- 
essed data are converted into IP packets having an IP 
address by the packet transmitting unit 11 e and trans- 
mitted to the home agent 1 . 

[0090] On the other hand, the packet receiving unit 
11g extracts an IP address of an IP packet from the 
home agent 1. The data processing unit 11c retrieves 
terminal identification information SNa corresponding to 
the extracted IP address. The packet data is transmitted 
to the mobile communication terminal 10 through the ra- 
dio transmitting unit 11b. 

[0091] The radio hub 51 is similar to the radio hub 11, 
repetitive description of which is omitted here. 

(3-2) Repeating Servers 12 and 52 

[0092] Each of the repeating server 12 and 52 has a 
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function of repeating an IP packet between the radio hub 

11 or 51 and the home agent 1 or 41, a function of as- 
signing an IP address to the mobile communication ter- 
minal 1 0 or 50, and a function of responding to an inquiry 
for an IP address from the home agent 41 or the like. 
[0093] First, the repeating function will be described. 
This repeating function is a function of controlling the 
transmitting/receiving unit 12a not to discard an IP pack- 
et when the IP packet received by the repeating server 

12 or 52 is not addressed to the own repeating server 
12 or 52 (hereinafter referred as own server, occasion- 
ally) but to transfer the IP packet to another LAN differing 
from a LAN from which the IP packet has been inputted. 
Owing to this function, each of the repeating servers 12 
and 52 repeats an IP packet transmitted between the 
home agent 1 or 41 and the radio hub 11 or 51. 
[0094] FIG. 8 is a schematic functional block diagram 
of the repeating server 1 2 according to the first embod- 
iment of this invention. The repeating server shown in 
FIG. 8 comprises a transmitting/receiving unit 12a, a 
TCP/IP processing unit 12b, a repeating server applica- 
tion processing unit 12c and an IP address management 
table 12d. Incidentally, the repeating server 52 is similar 
in structure to the repeating server 12 shown in FIG. 8. 
[0095] The transmitting/receiving unit 12a transmits/ 
receives an IP packet, which has a port connected to a 
LAN connected to the radio hub 11 or 51, and a port 
connected to a LAN connected to the home agent 1 . The 
transmitting/receiving unit 12a has a function of input- 
ting an IP packet from a LAN cable to the TCP/IP 
processing 12b, while transmitting an IP packet from the 
TCP/IP processing unit 12b to the radio hub 11 or 51, 
or the home agent 1 or 41 through the LAN cable. 
[0096] The TCP/IP processing unit 12b determines 
whether or not an IP packet from the transmitting/receiv- 
ing unit 12a is addressed to its own server. When the IP 
packet is addressed to its own server, the TCP/IP 
processing unit 1 2b obtains the data, and inputs it to the 
repeating server application processing unit 12c. The 
TCP/IP processing unit 12b converts data from the re- 
peating server application processing unit 12c into the 
IP packet format. The generated IP packet is transmitted 
to any LAN according to its destination address by the 
transmitting/receiving unit 12a. 

[0097] When the IP packet from the transmitting/re- 
ceiving unit 12a is not addressed to its own server, the 
TCP/IP processing unit 12b outputs the IP packet to the 
transmitting/receiving unit 12a so as to transmit the IP 
packet to a LAN differing from the LAN from which the 
IP packet has been inputted. 

[0098] Next, description will be made of the function 
of assigning an IP address to the mobile communication 
terminal 10 or 50. 

[0099] When the transmitting/receiving unit 12a re- 
ceives an IP packet addressed to its own server (a tem- 
porary address being used as a source IP address), 
which is an IP address assignment request, the repeat- 
ing server application processing unit 12c shown in FIG. 


8 refers to the IP address management table 12d to as- 
sign an IP address to the terminal identification informa- 
tion MACa (for example, an MAC address). The repeat- 
ing server application processing unit 12c thus functions 

5 as an assigning unit. Incidentally, it is possible to use an 
address in a higher layer instead of the terminal identi- 
fication information MACa. 

[0100] The IP address management table 12d relates 
an IP address to the order in which the IP address has 
10 been assigned for the terminal identification information 
SNa, and retains (stores) them. The IP address man- 
agement table 12d is realized with a RAM (Random Ac- 
cess Memory), for example. 

[0101] FIG. 9 is a diagram showing an example of the 
15 IP address management table 1 2d according to the first 
embodiment of this invention. "Number" shown in FIG. 

9 is an identification number (N representing a natural 
number) given to the order of the IP address assigned 
to the mobile communication terminal 10 having the ter- 

20 minal identification information SNa by the repeating 
server 12. "IP address" is the assigned IP address. 
These numbers and IP addresses are managed for 
each piece of the terminal identification information 
MACa, MACb and MACc. 

25 [0102] The repeating server 12 updates the informa- 
tion in the IP address management table 12d each time 
an IP address is assigned, and can cancel the assign- 
ment of the IP address. By the IP address assignment 
canceling function, contents of the IP address manage- 

30 ment table 12d are updated, as well. 

[0103] The repeating server 12 can give a plurality of 
IP addresses to one SNa in response to a request from 
the mobile communication terminal 10, and appropriate- 
ly manage them. 

35 [0104] Meanwhile, the above responding function is 
realized with the IP address management table 12d like 
the canceling function. 

(3-3) Gateway Servers 13 and 53 (refer to FIG. 1) 

40 

[0105] Each of the gateway servers 13 and 53 is pro- 
vided on, for example, a boundary between the IP net- 
work 200a or 200b and the mobile communication net- 
work 300, and has a function of allowing a specific IP 

45 packet having a specific IP address to pass between dif- 
ferent types of networks (between the IP network and 
the mobile communication network). Whereby, the load 
on the home agents 1 and 41 can be decreased and the 
network can be effectively managed. The gateway serv- 

50 er 1 3 may be provided in the mobile communication net- 
work 300. 

(3-4) Home Agents 1 and 41 

55 [0106] Each of the home agents 1 and 41 is connect- 
ed to the mobile communication network 300 via the 
gateway server 13, connected to the radio hub 11 or 51 
via the repeating server 1 2, and connected to the IP net- 
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work 200b directly or over the IP network 400c, that is, 
connected in three directions. Next, the home agent 1 
will be described with reference to FIG. 10. Incidentally, 
the home agent 41 is similar in structure to the home 
agent 1. 

[0107] FIG. 10 is a schematic functional block dia- 
gram of the home agent 1 according to the first embod- 
iment of this embodiment. The home agent 1 shown in 
FIG. 10 is provided in the IP network 200a. The home 
agent 1 comprises an agent server application process- 
ing unit (an application processing unit) 1a, a transmit- 
ting/receiving unit 1b, a transmission buffer (a transmit- 
ting/receiving buffer) 82 and a SyncML table 17a. 

(3-4-1) Transmitting/Receiving Unit 1b 

[0108] The transmitting/receiving unit 1b receives a 
packet having a first address or a second address as 
the source address and containing user data in a first 
session or a second session from the mobile communi- 
cation terminal 10. The transmitting/receiving unit 1b 
transmits a packet having an address of its own home 
agent 1 as the source address and containing user data 
in the received packet to the home agent 41 . 
[01 09] The first address is either an address "IP*" as- 
signed by the mobile communication network 300 or an 
address 'lP"" assigned by the IP network 200a, where- 
as the second address is the other one. 
[0110] The transmitting unit 1b comprises a mobile 
communication network transmitting/receiving unit 1e, 
an intra-network transmitting/receiving unit 1f and an in- 
ter-network transmitting/receiving unit 1g. 

(i) The mobile communication network transmitting/ 
receiving unit 1e transmits an IP packet to the gate- 
way server 13 connected to the access server 310a 
provided in the mobile communication network 300 
and receives an IP packet from the gateway server 
13, thereby transmitting/receiving a packet to/from 
the mobile communication terminal 10 over the mo- 
bile communication network 300. 

(ii) The intra-network transmitting/receiving unit 1f 
is a transmitting/receiving unit for carrying out a 
TCP/IP communication with the mobile communi- 
cation terminal 10 via the repeating server 12 and 
the radio hub 11. Namely, the intra-network trans- 
mitting/receiving unit 1f has a function of transmit- 
ting an IP packet to the repeating server 1 2 and re- 
ceiving an IP packet from the repeating server 12. 

(iii) The inter-network transmitting/receiving unit 1g 
is a transmitting/receiving unit for transmitting an IP 
packet to the IP network 200b and receiving an IP 
packet from the IP network 200b. Namely, the inter- 
network transmitting/receiving unit 1g has a func- 
tion of transmitting/receiving an IP packet to/from 
the home agent 41 over the IP network 400c. 

[01 1 1] In the transmitting/receiving unit 1b, the trans- 


mission buffer (the transmitting/receiving buffer) 82 stor- 
ing transmitted/received data is provided, and each of 
the mobile communication network transmitting/receiv- 
ing unit 1e, the intra-network transmitting/receiving unit 
5 1f and the inter-network transmitting/receiving unit 1g 
reads out packets received over the mobile communi- 
cation network 300 or the IP network 200b from the 
transmission buffer 82 in the order in which the packets 
have been received. 

10 

(3-4-2) Transmission Buffer 82 

[0112] The transmission buffer 82 has areas of trans- 
mitting buffers 82a and 82b holding data (IP packets to 

15 be transmitted) to be transmitted to the home agent 41 
and areas of receiving buffers 82c and 82d holding re- 
ceived data (received IP packets) (hereinafter referred 
as transmission buffers 82a through 82d, occasionally). 
The transmitting buffers 82a and 82b are for the first and 

20 second sessions, respectively, whereas the receiving 
buffer 82c and 82d are for the first and second sessions, 
respectively. These transmission buffers 82a through 
82d are realized with RAMs or the like. 
[0113] The state of use and the like of the transmis- 

25 sion buffers 82a through 82d is managed by the SyncML 
table 17a. Accordingly, when the buffers are assigned 
to the mobile communication terminal 10, a pair of the 
transmitting buffer and the receiving buffer is assigned 
for each session. 

30 [0114] The above is a brief description of the trans- 
mission buffer 82. 

[0115] Incidentally, assignment of the buffers to the 
mobile communication terminal 10 may be in a way that 
the buffers are assigned to each mobile communication 

35 terminal, not that a pair of the transmitting buffer and the 
receiving buffer are assigned to each session. For in- 
stance, as a method, the transmitting buffer (for exam- 
ple, a dual port RAM or the like) and the receiving buffer 
(for example, a dual port RAM or the like) may be as- 

40 signed to the mobile communication terminal 10, and IP 
packets received from the mobile communication termi- 
nal 10 in the first and second sessions may be stored in 
the transmitting buffer, whereas IP packets received 
from the home agent 41 may be stored in the receiving 

45 buffer. 

(3-4-3) Application Processing Unit 1a 

[0116] The application processing unit 1a controls the 
50 mobile communication network transmitting/receiving 
unit 1e, the intra-network transmitting/receiving unit 1f 
and the inter-network transmitting/receiving unit 1g, and 
manages and controls the transmission buffer 82. The 
application processing unit 1a comprises an agent au- 
55 thentication processing unit 3d, an agent synchroniza- 
tion processing unit 3e, a message synchronization 
processing unit 3a, a handover processing unit (a 
switching unit) 3b and a TCP/IP processing unit 3f. 
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[0117] Hereinafter, each of the units will be schemat- 
ically described. 

(i) Agent Authentication Processing Unit 3d 

[0118] The agent authentication processing unit 3d 
has a function of authenticating the mobile communica- 
tion terminal 10 which has requested for authentication. 
Namely, the agent authentication processing unit 3d de- 
termines whether or not the mobile communication ter- 
minal is a terminal that is qualified to get the service ac- 
cording to an authentication procedure beforehand de- 
termined between the mobile communication terminal 
10 and the home agent 1. 

(ii) Agent Synchronization Processing Unit 3e 

[01 19] The agent synchronization processing unit 3e 
has a function of receiving a synchronization registration 
(containing terminal identification information "SNa H on 
the mobile terminal 10, terminal identification informa- 
tion "SNb" on a communication destination of the mobile 
communication terminal 10 and an IP address "IPsb" of 
the home agent 41 to which the communication desti- 
nation terminal applies for the synchronization registra- 
tion), and preparing and updating a session manage- 
ment table 17c. 

[0120] The session management table 17c will be 
now described with reference to FIG. 15. FIG. 15 is a 
diagram showing stored contents of the session man- 
agement table 17c. 

[0121] The session management table shown in FIG. 
1 7c is managed for each piece of terminal identification 
information. In the session management table 17c, 
there are provided columns to store session number, 
session type, requester IP address, status information 
and destination home agent IP address. 
[01 22] The session number shows a session number 
incremented one by one each time the synchronization 
registration is applied. When it is the first synchroniza- 
tion registration, "1" is stored. When it is the next syn- 
chronization registration, "2" is stored. 
[01 23] The session type is information for identifying 
whether an access (IP) by the mobile communication 
terminal 1 0 is from the IP network or an access from the 
mobile communication network (mobile) in each ses- 
sion. Preferably, the synchronization registration from 
the mobile communication terminal 10 contains session 
type information. According to this information, it is pref- 
erably to store the session type in the session manage- 
ment table 17c. The home agent 1 refers to the session 
type to determine whether a communication with the 
mobile communication terminal 10 is to be carried out 
using the mobile communication network transmitting/ 
receiving unit 1e or the intra-network transmitting/re- 
ceiving unit 1f. When the session type is "mobile," a 
communication with the mobile communication terminal 
10 is carried out using the mobile communication net- 


work transmitting/receiving unit 1e. When the session 
type is "IP," a communication with the mobile communi- 
cation terminal 10 is carried out using the intra-network 
transmitting/receiving unit 1f. Even when the session 

5 type is not managed, it is possible to transmit the same 
IP packet from both the mobile communication network 
transmitting/receiving unit 1e and the intra-network 
transmitting/receiving unit 1f, and delete either one of 
the double received packets in the mobile communica- 

10 tion terminal 10. When both of the mobile communica- 
tion network transmitting/receiving unit 1e and the intra- 
network transmitting/receiving unit 1f transmit the same 
packets, a common number is given to the packets, 
whereby the mobile communication terminal 1 0 can de- 

15 tect the double received packets when the numbers co- 
incide with each other. 

[0124] The requester IP address is an IP address of 
the mobile communication terminal 10 which has ap- 
plied for synchronization registration. The requester IP 
20 address is extracted from a source IP address in the 
header of an IP packet transmitted as the synchroniza- 
tion registration, and stored in the session management 
table 17c. 

[0125] The status information is information indicating 
25 whether the session is used to transmit user data, or the 
session is not used and is made wait, for each session 
number. When the first synchronization registration is 
applied, the status information is the use status. When 
another synchronization registration is made to add a 
30 session, the status information is the wait status. A ses- 
sion in the wait status is changed to the use status when 
the handover process is carried out. A session in the 
use status at that time is changed to the wait status, or 
deleted. When a session is deleted, it is preferable that 
35 the transmitting buffer and the received buffer ensured 
for the session are released, and changed to a status in 
which the buffers can be assigned to another mobile 
communication terminal. 

[0126] In the column of the destination home agent IP 
40 address, there is stored an IP address of a destination 
home agent contained in the data part of an IP packet 
for the synchronization registration. This IP address is 
used to set a destination IP address of an IP packet (for 
example, an IP packet or the like at the time of SyncML 
45 communication) to be transmitted from the home agent 
1 to the home agent 41. 

(iii) Message Synchronization Processing Unit 3a 

so [01 27] The message synchronization processing unit 
3a synchronously exchanges data between the home 
agent 1 (its own server) and the home agent 41. Here, 
SyncML algorithm (hereinafter abbreviated as SyncML, 
occasionally) disclosed as the standard specification 

55 can be used as the algorithm used to synchronously ex- 
change the data. 

[0128] SyncML is one of the standards of data syn- 
chronous communications. Owing to it, the communica- 
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tion system 1 can transmit/receive data without a large 
change in existing installation. 
[0129] For this purpose, the message synchroniza- 
tion processing unit 3a has the SyncML table 17a. The 
SyncML table 17a is a table used when SyncML com- 5 
munication is carried out to manage information about 
the retain status of IP packets retained in the transmis- 
sion buffer 82. 

[0130] FIG. 11 is a diagram showing an example of 
the SyncML table 1 7a according to the first embodiment 
of this invention. The SyncML table 17a is provided for 
each piece of terminal identification information 
SNa-SNc. The SyncML table 17a retains and manages 
a buffer number for identifying each of the transmitting 
buffers and the receiving buffers, a packet number 
which is a serial number given to a packet retained in a 
transmitting buffer or receiving buffer, and a head point- 
er indicating the leading address of each packet re- 
tained in each of the transmitting buffers and the receiv- 
ing buffers. 

[0131] When the first packet (1 ) from the mobile com- 
munication terminal 1 0 having the terminal identification 
information SNa is retained in a transmitting buffer, "1" 
is stored as the packet number and the head pointer 
"0x0a" (Ox indicating a hexadecimal number) is held in 
a corresponding column for transmission in the table. 
When the next IP packet (2) from the mobile communi- 
cation terminal 10 is retained in the transmitting buffer, 
"2" is stored as the packet number in a column below 
the packet number "1", and the leading address "0x0b" 
of the retained IP packet (2) is retained as the head 
pointer. 

[0132] An IP packet received from the home agent 41 
is retained in a receiving buffer. When the retained buffer 
is the first IP packet (1) , "1" is retained as the packet 
number and a head pointer "0x1 a" is retained in a cor- 
responding column for reception in the SyncML table 
17a. When the next IP packet (2) from the home agent 
41 is retained in the receiving buffer, a packet number 
"2" is retained, and the leading address "0x1 b" of the 
retained IP packet (2) is retained as the pointer. 
[01 33] The SyncML table 1 7a is realized with a mem- 
ory. In concrete, at the time of initialization carried out 
after the home agent 1 receives the synchronization reg- 
istration request message to be described later, the 
home agent 1 secures a memory area for the mobile 
communication terminal 10, and the message synchro- 
nization processing unit 3a writes buffer numbers of a 
selected transmitting buffer and receiving buffer to be 
used for SyncML communication. It is desirable to ini- 
tialize data of packet number, head pointer and the like 
at the time of this initialization. 
[01 34] Next, description will be made of SyncML com- 
munication using the transmission buffer 82. 
[0135] First, SyncML synchronization registration will 
be first described because SyncML communication is 
carried out after SyncML synchronization registration is 
applied. 


[0136] FIG. 12 is a diagram showing a sequence for 
illustrating SyncML synchronization registration. The 
mobile communication terminal 10 and the mobile com- 
munication terminal 50 shown in FIG. 12 transmit syn- 
chronization registration request messages to the home 
agent 1 and the home agent 41 , respectively (messages 
S1 and S2). The home agent 1 transmits a synchroni- 
zation request to the home agent 41 (message S3). 
Conversely, the home agent 41 may transmit a synchro- 
nization request to the home agent 1. 
[0137] The home agent 1 then initializes the SyncML 
table 17a (refer to FIG. 10) (step S4a). 
[0138] When receiving the synchronization request, 
the home agent 41 initializes the SyncML table 1 7a (step 
S4b), and transmits a synchronization response to the 
home agent 1 (message S5). The mobile communica- 
tion terminal 10 and the mobile communication terminal 
50 are notified that the synchronization registrations are 
accepted (messages S6 and S7). 
[0139] Meanwhile, the synchronization request mes- 
sage shown in FIG. 12 is an IP packet. The destination 
of the header of this IP packet is an IP address "IPsb" 
of the home agent 41 , the source of the same is an IP 
address "IPsa" of the home agent 1. The data part of 
the IP packet contains the terminal identification infor- 
mation "SNa" on the mobile communication terminal 10 
indicating a requester for the synchronization registra- 
tion, the terminal identification information "SNb" indi- 
cating a communication destination, and "synchroniza- 
tion registration" indicating contents of the message. 
[0140] The synchronization response message is an 
IP packet in which the destination of the header is the 
IP address "IPsa" of the home agent 1 , the source is the 
IP address "IPsb" of the home agent 41, and the data 
part contains the terminal identification information on 
the mobile communication terminal 10 indicating the 
source of the synchronization registration, the terminal 
identification information "SNa" indicating the commu- 
nication destination, and "synchronization response" in- 
dicating contents of the message. 
[0141] When receiving the synchronization request, 
the home agent 41 recognizes that both of the mobile 
communication terminals 10 and 50 make requests for 
SyncML communication on the basis of the contents of 
the synchronization registration request message from 
the mobile communication terminal 50 and the contents 
of the synchronization request from the home agent 1 , 
and initializes the SyncML transmission table 1 7a and 
the transmission buffer 82. When the home agent 1 
does not receive the synchronization response indicat- 
ing that there is a synchronization registration request 
message from the mobile communication terminal 50 
(for example, a timer detecting that a predetermined 
time has elapsed since transmission of the synchroni- 
zation registration request message), the home agent 1 
initializes the SyncML table 17a, and deletes an area of 
the SyncML table 17a initialized for the mobile commu- 
nication terminal 10. 
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[0142] At steps S6 and S7, the synchronization reg- 
istration response is an IP packet contains the IP ad- 
dress "IPa (IPb)" of the mobile communication terminal 
10 (50) as the destination in the header, the IP address 
"IPsa (IPsb)" of the home agent 1 (41) as the source, 
and "synchronization registration OK" indicating that the 
synchronization registration is accepted in the data part. 
[0143] When the SyncML synchronization registra- 
tion is completed as above, data transmission/reception 
is carried out in SyncML communication. Next, descrip- 
tion will be made of data transmission/reception in Syn- 
cML communication. 

[0144] FIG. 13 is a diagram showing a sequence for 
illustrating SyncML communication. The mobile com- 
munication terminal 10 having received the synchroni- 
zation registration response can recognize that the 
home agent 1 completes preparation for SyncML com- 
munication. The mobile communication terminal 10 
transmits IP packets a1 and a2 in order to the home 
agent 1 at step S10. When the home agent 1 receives 
these IP packets, the message synchronization 
processing unit 3a retains the IP packets a1 and a2 in 
order in a transmitting buffer (assumed to be #1) se- 
cured (selected) for SyncML communication for the mo- 
bile communication terminal 10 at the time of initializa- 
tion. Similarly, the message synchronization processing 
unit 3a stores "1 " and "2" as corresponding packet num- 
bers in a column for transmission of the terminal identi- 
fication information SNa in the SyncML table 17a se- 
cured at the time of initialization, and stores leading ad- 
dresses "0x0a" and "0x0b" of the retained IP packets in 
order in the column of the head pointer. 
[0145] Similarly, the message synchronization 
processing unit 3a of the home agent 41 stores an IP 
packet b1 from the mobile communication terminal 50 
in a transmitting buffer, and stores the packet number, 
head pointer and the like in a SyncML table 17a gener- 
ated for the mobile communication terminal 50 (step 
S11). 

[0146] The message synchronization processing unit 
3a of the home agent 1 transmits a synchronization reg- 
istration response although not shown, then monitors 
reception of a response signal by a timer. When a pre- 
determined time has elapsed, the message synchroni- 
zation processing unit 3a refers to the SyncML table 1 7a 
of the terminal identification information SNa, reads out 
the head ointers "0x0a" and "0x0b," reads out the IP 
packets a1 and a2 in order from the transmitting buffer, 
and fills both of the IP packets a1 and a2 into the data 
part of a new IP packet, and transmits the new IP packet 
to the home agent 41 (step S12). 
[0147] As the destination address of the new IP pack- 
et, I Psb of a destination home agent of the terminal iden- 
tification information SNa retained in the session man- 
agement table 17c (refer to FIG. 10) is used, whereas 
as the source address, an IP address "IPa" of its own 
server is used, and the new IP packet is transmitted. 
Preferably, the new IP packet contains the terminal iden- 


30 

tification information "SNa" on the source and the termi- 
nal identification information "SNb" on the destination in 
order. 

[0148] When detecting "SNb", the message synchro- 
5 nization processing unit 3a of the home agent 41 refers 
to the SyncML table 1 7a for SNb to specify the receiving 
buffer, and stores the received IP packets a1 and a2 in 
the specified receiving buffer. The message synchroni- 
zation processing unit 3a updates the packet numbers 
10 and the head pointers in the SyncML table 17a for 
"SNb." Namely, the packet numbers "1" and "2" are 
stored in order, and the leading addresses of the stored 
IP packets are stored as the head pointers in order in 
the column for reception in the SyncML table for "SNb." 
15 [0149] It is preferable to prepare a different SyncML 
table 17a for each communication destination, and up- 
date a SyncML table 17a corresponding to a received 
SNa. 

[0150] When the updating is finished, the message 

20 synchronization processing unit 3a refers to the column 
for transmission in the SyncML table 17a, reads out the 
head pointer of the IP packet b1 , designates an address 
indicated by the pointer, reads out the IP packet b1 from 
the transmitting buffer, fills the IP packet b1 into the data 

25 part of a new IP packet, and transmits the new IP packet 
to the home agent 1 (step S14). The destination address 
of the new IP packets is a destination home agent "IPsa" 
of the terminal identification information "SNb" retained 
in the session management table 17c. The source ad- 

30 dress is an IP address "IPb" of its own server. Preferably, 
the new IP packet contains the terminal identification in- 
formation "SNb" on the source and the terminal identi- 
fication information "SNa" on the destination in order. 
[0151] When receiving the new IP packet, the mes- 

35 sage synchronization processing unit 3a of the home 
agent 1 stores the IP packet b1 in, for example, the re- 
ceiving buffer #1, and stores a packet number "1" and 
a head pointer "0x1 a" in a column for reception in the 
SyncML table 17a. 

40 [0152] When a predetermined time has been further 
elapsed since the elapse of the last predetermined time, 
the message synchronization processing unit 3a again 
refers to the SyncML table 17a of "SNa" to determine 
presence/absence of an IP packet that has not yet been 

45 transmitted. Namely, the message synchronization 
processing unit 3a determines whether or not the trans- 
mitting buffer retains an IP packet from the mobile com- 
munication terminal 10, which is an IP packet other than 
the IP packet transmitted last time. When determining 

50 that there is no IP packet, the message synchronization 
processing 3a transmits an IP packet for notifying of "no 
difference" to the home agent 41 (step S15). Similarly, 
when determining that there is no IP packet to be trans- 
mitted, the home agent 41 transmits an IP packet for 

55 notifying of "no difference" to the home agent 1 (step 
S15). 

[0153] The above is a brief description of SyncML 
communication. 
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[01 54] Preferably, the SyncML table retains a comple- 
tion flag (F) indicating completion of transmission corre- 
spondingly to a packet number in order to discriminate 
whether or not there is any IP packet not yet transmitted. 
[01 55] Whereby, it is possible to readily recognize that 
an IP packet corresponding to a packet number not giv- 
en the transmission completion flag (F) is not yet trans- 
mitted. 

[0156] Meanwhile, IP packets retained in the receiv- 
ing buffers in each of the home agents 1 and 41 are 
transmitted to the mobile communication terminal 10 or 
50 in the order in which the IP packets have been re- 
ceived in a session whose status information is "use." 
This status information can be obtained by referring to 
the session management table 17c by the application 
processing unit 1a. Here, destination IP addresses in 
the header part of the IP packets retained in the receiv- 
ing buffers of the home agents 1 and 41 are the home 
agents 1 and 41, respectively. For this, when the IP 
packets are transmitted to the mobile communication 
terminals 10 and 50, the requester IP address whose 
status information in the session management table 1 7c 
is "use" is rewritten to a destination IP address. 

(iv) Next, description will be made of the handover 
processing unit 3b. 

[01 57] 4 The handover processing unit 3b switches the 
first session to the second session on the basis of re- 
ception of a switch request from the mobile communi- 
cation terminal 10 or the quality (communication status 
with the mobile communication terminal 10) of an RF 
signal transmitted from the mobile communication ter- 
minal 10 in -the first session that is currently used to 
transmit/receive a packet. Namely, the handover 
processing unit 3b controls (carries out a handover 
processing) to switch between a session directly from 
the IP network 200a and a session over the mobile com- 
munication network 300 to one another. 
[0158] Accordingly, the handover processing unit 3b 
has a communication monitoring function and a switch- 
ing controlling function. Hereinafter, description will be 
made of the communication monitoring function and the 
switching controlling function in order. 

® Communication Monitoring Function 

[0159] The communication monitoring function is a 
function of monitoring received signals (IP packets) from 
the mobile communication terminal 10 by the handover 
processing unit 3b. When the mobile communication 
terminal 10 moves or anything while a session is estab- 
lished between the home agent 1 and the mobile com- 
munication terminal 10 and IP packets containing user 
data are transmitted and received, there is a case where 
the communication in this session becomes difficult. For 
instance, while the mobile communication terminal 10 
accesses to the IP network 200a (the radio hub 11) to 


communicate with the home agent 1, there is a case 
where the mobile communication terminal 1 0 goes away 
from the radio hub 11 to the degree to which Bluetooth 
communication with the radio hub 11 is difficult. 
5 [0160] Since the home agent 1 receives the IP pack- 
ets from the mobile communication terminal 10 via the 
radio hub 11, the handover processing unit 3b detects 
that the quality of the packets drops below a quality L1 
(the error rate M, the number of retransmission R) be- 
10 forehand set. Similarly, the same is true for when the 
mobile communication terminal 10 accesses to the mo- 
bile communication network 300 to communicate with 
the home agent 1 . In which case, the handover process- 
ing unit 3b detects that the quality of packets received 
15 via not the radio hub 11 but the base station 300a drops 
below the quality L1. 

[0161] The detecting function described above is the 
communication monitoring function. 
[0162] The communication monitoring function may 
detect the followings other than the above. For example, 
when the user of the mobile communication terminal 1 0 
desires to switch the session, the user operates an op- 
erating unit (not shown) of the mobile communication 
terminal 10 so that the mobile communication terminal 
10 transmits a session switch request signal (for exam- 
ple, an IP packet) in the session now in use, and the 
handover processing unit 3b detects reception of this 
session switch request signal. 

[01 63] The radio hub 1 1 or the base station 300a may 
be provided with a measuring function of measuring the 
receive quality (the receive level, the error rate) of RF 
signals, the radio hub 11 (the base station 300a) may 
add the measured receive quality or deterioration infor- 
mation (information indicating that the receive quality 
drops below a predetermined reference) to an IP packet 
to be transmitted to the home agent 1 , and the home 
agent 1 may detect, from the added information, that the 
receive quality drops below the quality L1 (the receive 
level L, the error rate M). 

[0164] The quality L1 represents the quality or the like 
in which a normal communication is impossible, a value 
of which can be set to any one of various values. Pref- 
erably, the mobile communication terminal 10 periodi- 
cally transmits an IP packet for monitoring containing 
predetermined known data, and the home agent 1 uses 
the IP packet for monitoring to monitor the quality. 

® Switching Controlling Function 

[0165] The handover processing unit 3b starts a 
switching control as the handover processing, provided 
that the communication monitoring function detects. 
This switching control is a control to switch a session 
used between the mobile communication terminal 10 
and the home agent 1. Namely, the home agent 1 
switches from the mobile communication network trans- 
mitting/receiving unit 1e to the intra-network transmit- 
ting/receiving unit 1f, or switches from the intra-network 
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transmitting/receiving unit 1f to the mobile communica- 
tion network transmitting/receiving unit 1e for an IP 
packet to be transmitted to the mobile communication 
terminal 10 (or to be received from the mobile commu- 
nication terminal 10). Since an IP address used by the 
mobile communication terminal 10 differs according to 
a session used at that time, the handover processing 
unit 3b of the home agent 1 refers to the session man- 
agement table 17c (refer to FIG. 10) to read out a re- 
quester IP address corresponding to a session to be 
switched to, and generates an IP packet to be ad- 
dressed to that IP address, or controls the TCP/IP 
processing unit 3f to capture an IP packet from that IP 
address. The handover processing unit 3b controls the 
transmission buffer 82, and controls transmission of a 
session switch instruction to the mobile communication 
terminal 10. 

[0166] Whereby, the home agent 1 can detect move- 
ment of the mobile communication terminal 10 or dete- 
rioration of the quality, thereby to detect it as an oppor- 
tunity to switch the session. Additionally, since the com- 
munication is not disconnected, seamless handover be- 
comes possible. 

[0167] (v) The TCP/IP processing unit 3f carries out 
a TCP/IP format processing. Namely, the TCP/IP 
processing unit 3f captures an IP packet received by the 
transmitting/receiving unit 1b when the IP packet is ad- 
dressed to its own server, and inputs the data to an up- 
per application or another processing unit. The TCP/IP 
processing unit 3f has a function of converting data out- 
putted from the upper application (or another processing 
unit) to an IP packet having a destination and a source 
instructed from the upper application, and transmitting 
to the IP packet from any one of the mobile communi- 
cation network transmitting/receiving unit 1e, the intra- 
network transmitting/receiving unit 1f and the inter-net- 
work transmitting/receiving unit 1g of the transmitting/ 
receiving unit 1 b. 

(A-3) Detailed Description of Communication Method in 
Communication System of the Invention 

[0168] (1 ) Next, description will be made of handover 
from the IP network 200a to the mobile communication 
network 300 configured as above, according to the first 
embodiment of this invention with reference to FIGS. 14 
and 15. 

[0169] FIG. 14 is a diagram showing a sequence in 
which the mobile communication terminal 10 communi- 
cates with a communication destination terminal over 
the IP network 200a. First, a process denoted by X1 in 
FIG. 14 will be described. X1 is a process in which the 
mobile communication terminal 10 obtains an IP ad- 
dress "IPa" to be used by the mobile communication ter- 
minal 10 when accessing to the home agent 1 via the 
radio hub 11. The Bluetooth processing unit 10b of the 
mobile communication terminal 10 controls the Blue- 
tooth radio unit 10h to communicate by radio with the 


radio hub 11 using the Bluetooth antenna unit 10i, and 
establishes a session in a local radio section. Here, the 
mobile communication terminal 10 is assumed to be in 
a range in which the mobile communication terminal 10 

5 can communicate by radio with the radio hub 11 . 

[0170] The IP address managing unit 4g of the mobile 
communication terminal 10 controls the TCP/IP 
processing unit 4f so as to generate an IP packet having 
a temporary address as the source addressed to an IP 

10 address "IPtsa" of the repeating server 12. This IP pack- 
et contains the terminal identification information "SNa" 
on the mobile communication terminal 10 and data in- 
dicating an assign request in the data part, which is also 
called an IP address assign request message. 

15 [0171] The IP packet generated by the TCP/IP 
processing unit 4f is transmitted to the radio hub 11 
through the Bluetooth processing unit 10b, the Blue- 
tooth radio unit 10h and the Bluetooth antenna unit 10i. 
[0172] When receiving the IP packet, the radio hub 11 

20 transmits the IP packet to the repeating server 12. When 
the transmitting/receiving unit 12a of the repeating serv- 
er 12 receives the IP address assign request message, 
the TCP/IP processing unit 12b recognizes that the 
packet is addressed to its own server (the destination 

25 being "IPtsa"), and inputs the IP address assign request 
message to the repeating server application processing 
unit 12c. The repeating server application processing 
unit 12c selects an assignable IP address, and stores 
an IP address ("IPa" here) corresponding to terminal 

30 identification information MACa retained in the IP ad- 
dress management table 12d. The repeating server ap- 
plication processing unit 12c controls the TCP/IP 
processing unit 12b and the transmitting/receiving unit 
1 2a to transmit an IP packet addressed to the temporary 

35 address containing the selected IP address in the data 
part to the radio hub 11. 

[0173] When receiving the IP packet, the radio hub 11 
transmits an RF signal to the mobile communication ter- 
minal 10 according to Bluetooth protocol in a similar 

40 manner. The radio adapter 10b of the mobile communi- 
cation terminal 10 receives the RF signal, and inputs it 
to the TCP/IP processing unit4f. The TCP/IP processing 
unit 4f recognizes that this packet is addressed to its 
own terminal (the temporary address), and inputs the 

45 assigned IP address "IPa" contained in the IP packet to 
the IP address managing unit 4g. The IP address man- 
aging unit 4g stores the assigned IP address "IPa." 
[0174] Preferably, an IP network corresponding to 
"IPa" to which the mobile communication terminal 10 

50 has accessed to obtain this IP address is stored as the 
session type. 

[0175] Whereby, a packet session is established. 
When the mobile communication terminal 10 accesses 
to the home agent 1 via the radio hub 11 , TCP/IP com- 
55 munication using the assigned IP address is possible. 
The above process corresponds to X1 shown in FIG. 14. 
[0176] Similarly, the mobile communication terminal 
50 is assigned an IP address, and carries out a process 
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X2 (similar to X1 ) indicated by TCP/IP. 
[0177] The mobile communication connection 
processing unit 4h of the mobile communication termi- 
nal 10 assigned the IP address transmits a packet ses- 
sion establish request signal to the mobile communica- 
tion network 300 under a control of the agent information 
unit 4c. The mobile communication network 300 having 
received this transmits a packet session establish re- 
sponse signal to the mobile communication terminal 10. 
[0178] Whereby, the mobile communication terminal 
10 and the mobile communication network 300 can 
transmit/receive short messages to/from one another 
(X3). 

[0179] When the packet session is established, the 
agent information unit 4c of the mobile communication 
terminal 10 transmits a short message addressed to the 
mobile communication terminal 50 containing the termi- 
nal identification information SNa on the mobile commu- 
nication terminal 10, the IP address "IPsa" of the home 
agent 1 and a common key "KeyA" for encrypting com- 
munication data (X4). The short message may further 
contain the assigned IP address IPa. 
[01 80] The mobile communication network having re- 
ceived the short message transmits a session establish 
request signal to the mobile communication terminal 50 
to establish a session (X5). When the session is estab- 
lished, the' mobile communication network 300 trans- 
mits (transfers) the short message to the mobile com- 
munication terminal 50 (X6). 

[0181] The agent information unit 4c of the mobile 
communication terminal 50 receives the short message 
through the mobile communication antenna unit 1 0f, the 
mobile communication radio unit 10g and the mobile 
communication connection processing unit 4h, and 
stores "SNa," "IPsa" and "KeyA." The agent information 
unit 4c controls the mobile communication connection 
processing unit 4h so as to transmit a short message 
containing the terminal identification information SNb on 
its own terminal and the IP address "IPsb" of the home 
agent 41 . This short message is transmitted to the mo- 
bile communication terminal 1 0 over the mobile commu- 
nication network 300. The short message may further 
contain the IP address "IPb" assigned to the mobile 
communication terminal 50. Additionally, the packet 
session established at X3 and X5 may be disconnected 
immediately after the short messages are transmitted. 
[0182] The mobile communication terminal 10 re- 
ceives the short message through the fifth transmitting/ 
receiving unit 14. The agent information unit 4c extracts 
"SNb" and "IPsb" contained in the short message re- 
ceived from the mobile communication terminal 50, and 
stores them. 

[01 83] Whereby, the mobile communication terminals 
10 and 50 can obtain the IP addresses of the home 
agents 41 and 1 which are communication destinations 
to each other. 

[0184] Following the above, the agent synchroniza- 
tion processing unit 4e of the mobile communication ter- 


minal 10 (50) applies for synchronization registration to 
the home agent 1 (41) at X8a (X8b). Namely, the agent 
synchronization processing unit 4e fills the terminal 
identification information "SNb (Sna)" on its own termi- 

5 nal, the IP address "IPsb (IPsa)" of the home agent 41 
(1) and the session type "IP" into the data part. The 
agent synchronization processing unit 4e then controls 
the TCP/IP processing unit 4f so as to generate an IP 
packet (a synchronization registration request mes- 

10 sage) having the IP address "IPsa (IPsb)" of the home 
agent 1 (41) as the destination and the IP address "IPa 
(IPb)" of its own terminal as the source in the IP header. 
[0185] Each of the TCP/IP processing units 4f trans- 
mits a synchronization registration request signal to the 

15 home agent 1 or 41 via the radio adapter 10b or 50b 
(X8a, X8b). 

[0186] When each of the home agents 1 and 41 re- 
ceives the synchronization registration request mes- 
sage, the agent synchronization processing unit 3e pre- 

20 pares the session management table 17c. 

[0187] Namely, the home agent 1 stores the session 
number "1," the session type "IP," the requester IP ad- 
dress "IPa," the status information "use" and the desti- 
nation home agent IP address "IPsb" in the table of the 

25 terminal identification information SNa. 

[0188] Similarly, the home agent 41 stores the ses- 
sion number "1 ," the session type "IP," the requester IP 
address "IPb," the status information "use" and the des- 
tination home agent IP address "IPsa." 

30 [0189] The home agent 1 and the home agent 41 
shown in FIG. 14 authenticate the mobile communica- 
tion terminals 10 and 50 using the hash algorithm, re- 
spectively (steps X9a and X9b). Data to be transmitted 
from the mobile communication terminal 10 to the mo- 

35 bile communication terminal 50 is beforehand encrypted 
with the common key "KeyA" by the encryption process- 
ing unit 4a. 

[01 90] The message synchronization processing unit 
3a of the home agent 1 communicates according to the 

^0 SyncML synchronization registration sequence shown 
in FIG. 12 in order to initiate a SyncML communication 
with the home agent 41 (step X9c shown in FIG. 14), 
and initiates a SyncML communication shown in FIG. 
13 when the synchronization registration is completed 

45 (steps X10a, X10b and X10c). 

[0191] Next, description will be made of a flow of 
handover of the mobile communication terminal 10 from 
the IP network 200a to the mobile communication net- 
work 300, with reference to FIG. 16. 

50 [0192] FIG. 16 is a diagram showing a sequence for 
illustrating a switching process from a first session to a 
second session. Namely, FIG. 16 shows a sequence in 
which the first session in which the mobile communica- 
tion terminal 10 communicates with the mobile commu- 

55 nication terminal 40 via the radio hub 11 is switched to 
the second session over the mobile communication net- 
work 300, to continue the communication. 
[0193] The mobile communication terminal 10 carries 
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out a TCP/IP communication in the first session with the 
mobile communication terminal 50 via the radio hub 11 , 
and the home agents 1 and 41 (Z2a to Z2d). 
[0194] At step Z3b, when the mobile communication 
terminal 10 detects that the mobile communication ter- 
minal 10 approaches a border of a communicable area 
with the radio hub 11 (for example, the mobile commu- 
nication terminal detects that the quality of received sig- 
nal drops below L2), or that the user operates the mobile 
communication terminal 10 in order to add a session, 
the IP address managing unit 4g of the mobile commu- 
nication terminal 1 0 instructs the mobile communication 
connection processing unit 4h to dial-up to be connected 
to the access server 310a of the mobile communication 
network 300 and transmit an IP address assign request 
message for requesting for assignment of an IP ad- 
dress. 

[0195] The mobile communication connection 
processing unit 4h controls the fifth transmitting/receiv- 
ing unit 14 to dial-up in a procedure according to PPP, 
and transmits the IP address assign request message 
by an RF signal to the base station 300a. The IP address 
assign request message is transmitted to the access 
server 310a via the base station 300a and the exchang- 
er 300b. 

[0196] The PPP connecting unit 310d of the access 
server 310a has an IP address management table (not 
shown) similar in structure to the IP address manage- 
ment table 12d. The PPP connecting unit 31 Od selects 
an IP address "IP'a" to be assigned to the mobile com- 
munication terminal 10, stores the assigned IP address 
in the IP address management table, and transmits the 
assigned IP address to the mobile communication ter- 
minal 10 (Z4). 

[01 97] The IP address managing unit 4g of the mobile 
communication terminal 10 obtains the assigned IP ad- 
dress "IP'a" through the fifth transmitting/receiving unit 
14 and retains it. Incidentally, it is preferable that the IP 
address managing unit 4g retains the session type "mo- 
bile," as well. 

[0198] Through the process atZ4, the mobile commu- 
nication terminal 1 0 can obtain an IP address to be used 
when the mobile communication terminal 10 accesses 
to the home agent 1 via the base station 300a. 
[0199] When the mobile communication terminal 10 
obtains the new IP address "IP'a," the agent synchroni- 
zation processing unit 4e controls the TCP/IP process- 
ing unit 4f to generate an IP packet for a synchronization 
registration request message using "IP'a" and transmit 
the generated IP packet to the mobile communication 
connection processing unit 4h via the base station 300a 
from the fifth transmitting/receiving unit 14 (Z5). 
[0200] Preferably, the synchronization registration re- 
quest message is an IP packet having an IP address 
"IPsa" of the home agent 1 as the destination, and an 
IP address "IP'a" of its own terminal for the second ses- 
sion as the source, and containing the terminal identifi- 
cation information "SNa" on the mobile communication 


terminal 10, the IP address "IPsb" of the destination 
home agent 41, the identification information "SNb" on 
the communication destination terminal 50 and the ses- 
sion type "mobile" in the data part. As the information 

5 such as "IPsb," "SNb" and the like, addresses retained 
in the agent information unit 4c may be read out and 
used. AS "IP'a," an address retained in the IP address 
managing unit 4g may be read out and used. 
[0201] When receiving the synchronization registra- 

10 tion, the agent synchronization processing unit3e of the 
home agent 1 registers a new session in the session 
management table 17c prepared in prior. 
[0202] In the home agent 1, the session number "2," 
the session type "mobile," the requester IP address 

15 "IP'a," the status information "wait," and the destination 
home agent IP address "IPsb" are retained in a table for 
the terminal identification information SNa. 
[0203] When updating of the IP address management 
table 17c is completed, the authenticating process is 

20 carried out between the mobile communication terminal 
10 and the home agent 1 (Z6a and Z6b). 
[0204] Namely, the authenticating process is carried 
out on the mobile communication terminal 10 between 
the agent authentication processing unit 4d of the mo- 

25 bile communication terminal 1 0 and the agent authenti- 
cation processing unit 3d of the home agent 1 in a pro- 
cedure defined in the communication system 100. 
[0205] When the agent authentication processing unit 
3d determines in the authentication that the mobile com- 

30 munication terminal 10 is a terminal that is qualified to 
get the service provided by the home agent 1 , the sec- 
ond session is established (registered) for handover be- 
tween the mobile communication terminal 10 and the 
home agent 1 (multiple sessions established) (Z7a and 

35 Z7b). 

[0206] After the multiple sessions are established 
(registered), the handover processing unit 3b controls 
the TCP/IP processing unit 3f and the transmitting/re- 
ceiving unit 1b so as to transmit a handover start signal 
40 (mobile communication terminal) to the mobile commu- 
nication terminal 10 under a condition in which the com- 
munication monitoring function detects. This handover 
start signal is an IP packet. 

[0207] Preferably, when the handover processing unit 
45 3b transmits an IP packet from the mobile communica- 
tion network transmitting/receiving unit 1e to the mobile 
communication terminal 10, the IP packet has the head- 
er part containing "IP'a" as the destination IP address 
and an IP address "IPsa" of its own server as the source 
50 IP address, and the data part containing "handover 
start" as the contents of the message and the session 
type "mobile" of a session to be handed over. 
[0208] When the IP packet is transmitted to the mobile 
communication terminal 1 0 from the intra-network trans- 
55 mitting/receiving unit 1 f , the IP packet contains the same 
contents, but has the destination IP address "IPa." Inci- 
dentally, the IP addresses "IPa" and "IP'a" are read out 
from the session management table 17c and used. 
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[0209] The handover processing unit 4b of the mobile 
communication terminal 10 having received the hando- 
ver start signal detects the message contents "handover 
start" contained in the data part, stops transmission of 
IP packets to be transmitted to the home agent 1, ob- 
tains an IP address "IP'a" to be used in the session type 
"mobile" designated in the handover start signal from 
the IP address managing unit 4g, and sets the TCP/IP 
processing unit 4f so as to use the IP address "IP'a" as 
the source IP address of IP packets to be transmitted to 
the home agent 1 after this. 

[0210] The handover processing unit 3b of the home 
agent 1 having transmitted the handover start signal 
stops SyncML communication, assigns a new pair of the 
transmitting buffer (#2) and the receiving buffer (#1 ) to 
the mobile communication terminal 10 as shown in FIG. 
10, retains IP packets received from the mobile commu- 
nication terminal 10 through the mobile communication 
network transmitting/receiving unit 1e in the new trans- 
mitting buffer (#2), and retains IP packets received from 
the mobile communication terminal 50 through the intra- 
network receiving unit 1 g in the new receiving buffer (#2) 
after this. A new SyncML table 17a for "SNa" is newly 
prepared in order to manage the new pair of buffers. 
[0211] When the preparation of the SyncML table 17a 
is completed, the handover processing unit 3b transmits 
a handover complete signal to the mobile communica- 
tion terminal 10. In this handover complete signal, the 
message contents "handover start" contained in the da- 
ta portion of the handover start signal are changed to 
"handover end." 

[021 2] The handover processing unit 4b of the mobile 
communication terminal 1 having received the handover 
end signal detects the message contents "handover 
end," and starts to transmit and receive IP packets con- 
taining user data in a session for handover (a session 
with the home server 1 over the mobile communication 
network 300). Where, the destination IP address is the 
IP address "IPsa" of the home agent 1, whereas the 
source IP address is "IP'a" set. 
[0213] When the message synchronization process- 
ing unit 3a of the home agent 1 refers to the SyncML 
table 17a for the terminal identification information 
"SNa" and detects that an IP packet not yet transmitted 
is retained in the transmitting buffer (#1 ) used when the 
first session is used, the message synchronization 
processing unit 3a preferentially transmits the IP packet 
(s) retained in, not the new transmitting buffer (#2) but 
the old transmitting buffer (#1), to the home agent 41 in 
the SyncML communication. When referring to the Syn- 
cML table 17a and detecting that an IP packet not yet 
transmitted is not retained in the transmitting buffer (#1 ) 
used when the first session is used, the message syn- 
chronization processing unit 3a controls to transmit an 
IP packet retained in the new transmitting buffer (#2) to 
the home agent 41. 

[0214] Meanwhile, the procedure of SyncML commu- 
nication is according to the process shown in FIG. 13. 


[0215] Note that the destination I P address of user da- 
ta to be transmitted from the mobile communication ter- 
minal 10 to the home agent 1 when the first session is 
used is "IPsa," and the source IP address is "IPa," 

5 whereas the destination IP address of user data to be 
transmitted from the mobile communication terminal 10 
to the home agent 1 after the handover is changed to 
"IPsa," and the source IP address is changed to "IP' a." 
[021 6] Before and after the handover, the destination 

10 |p address of an IP packet containing user data to be 
transmitted from the mobile communication terminal 50 
is "IPsb" and the source IP address is "IPb," so that the 
IP addresses remains unchanged. Before and after the 
handover, the destination IP address of an IP packet to 

15 be transmitted from the home agent 41 to the home 
agent 1 in the SyncML communication is "IPsa" and the 
source IP address is "IPsb," so that the IP addresses 
remain unchanged, as well. Accordingly, the mobile 
communication terminal 50 and the home agent 41 do 

20 not need to particularly recognize presence/absence of 
the handover processing on the mobile communication 
terminal 10, and the mobile communication terminal 10 
does not need to notify the mobile communication ter- 
minal 50 of "IP'a." 

25 [0217] When the home agent 1 transmits an IP packet 
received from the home agent 41 to the mobile commu- 
nication terminal 10, the destination IP address is "IPa" 
before the handover, whereas the destination IP ad- 
dress is changed to "IP'a" after the handover. 

30 [0218] As above, the mobile communication terminal 
1 0 can continue the TCP/IP communication with the mo- 
bile communication terminal 50, by using the first ses- 
sion before the handover and the second session after 
the handover. Since the home agent 1, the IP address 

35 of which is not changed before and after the handover, 
repeats IP packets before and after the handover, the 
home agent 41 and the mobile communication terminal 
50 do not need to be aware of a change in IP address 
of the mobile communication terminal 10 with a change 

40 in session. In other words, 

[0219] a section in which the IP address in the header 
portion of the IP packet differs between before and after 
the handover is only between the mobile communication 
terminal 10 and the home agent 1, so that it is unnec- 

45 essary to change the IP address in the header part of 
the IP packet communicated between the home agent 
1 and another server or terminal. 
[0220] (2) Next, detailed description will be made of 
handover from the mobile communication network to the 

50 |p network according to the first embodiment of this in- 
vention with reference to FIGS. 17 and 18. 
[0221] FIG. 1 7 is a diagram for illustrating a sequence 
in which the mobile communication terminal 10 commu- 
nicates with a communication destination terminal over 

55 the mobile communication network 300. FIG. 17 shows 
a sequence from the time the mobile communication ter- 
minal 10 accesses to the mobile communication net- 
work 300 (the access server 310a) and to the time the 
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mobile communication terminal 10 starts to communi- 
cate with the mobile communication terminal 50 via the 
home agents 1 and 41 over the mobile communication 
network 300. 

[0222] First, a process denoted by X30 in FIG. 1 7 will 
be described. X30 is a process of obtaining an IP ad- 
dress to be used when the mobile communication ter- 
minal 10 communicates with the home server 1 or the 
like over the mobile communication network 300 by 
TCP/IP. 

[0223] In the process at X30, the IP address manag- 
ing unit 4g of the mobile communication terminal 10 in- 
structs the mobile communication connection . process- 
ing unit 4h to dial-up-connect to the access server 310a 
of the mobile communication network 300 and transmit 
an IP address assign request message for requesting 
for assignment of an IP address. The mobile communi- 
cation connection processing unit 4h controls the fifth 
transmitting/receiving unit 14 to dial up in a procedure 
according to PPP and transmit the IP address assign 
request message by an RF signal to the base station 
300a. 

[0224] The IP address assign request message is 
transmitted to the access server 310a via the base sta- 
tion 300d and the exchanger 300b. The PPP connecting 
unit 31 Od of the access server 310a has an IP address 
management table similar in structure to the IP address 
management table of the IP address management table 
12d. The PPP connecting unit 31 Od selects an IP ad- 
dress "IPa" to be assigned to the mobile communication 
terminal 10, retains the assigned IP address in the IP 
address management table, and transmits the assigned 
IP address to the mobile communication terminal 10 
(X30). 

[0225] The IP address managing unit 4g of the mobile 
communication terminal 10 obtains the assigned IP ad- 
dress "IPa" through the fifth transmitting/receiving unit 
14 and retains it. Preferably, the IP address managing 
unit 4g retains the session type "mobile," as well. 
[0226] Through the process at X30, the mobile com- 
munication terminal 10 obtains an IP address to access 
to the home agent 1 via the base station 300a. 
[0227] The mobile communication connection 
processing unit 4h of the mobile communication termi- 
nal 10 assigned the IP address transmits a request sig- 
nal for establishing another session (for transmitting/re- 
ceiving short messages) to the mobile communication 
network 300 undera control of the agent information unit 
4c. The mobile communication network 300 having re- 
ceived the request signal transmits a session establish 
response signal to the mobile communication terminal 
10. 

[0228] Whereby, the mobile communication terminal 
10 and the mobile communication network 300 can 
transmit and receive short messages to/from each other 
(X31). 

[0229] When the session is established, the agent in- 
formation unit 4c of the mobile communication terminal 


10 transmits a short message addressed to the mobile 
communication terminal 50 containing the terminal iden- 
tification information "SNa" on the mobile communica- 
tion terminal 10, an IP address "IPsa" of the home agent 

5 1 and a common key "KeyA" for encrypting communi- 
cation data (X32). The short message may further con- 
tain the assigned "IPa." The mobile communication net- 
work 300 having received the short message transmits 
a session establish request signal to the mobile com- 

10 munication terminal 50. When the session is established 
(X33), the mobile communication network 300 transmits 
a short message to the mobile communication terminal 
50 (X34). 

[0230] The agent information unit 4c of the mobile 
15 communication terminal 50 receives the short message 
through the mobile radio antenna unit 10f, the mobile 
communication radio unit 10g and the mobile commu- 
nication connection processing unit 4h (X34), and re- 
tains "SNa," "IPsa" and "KeyA" contained in the mes- 
20 sage. 

[0231] According to the first embodiment, the mobile 
communication terminal 50 is not yet assigned an IP ad- 
dress by either the repeating server 52 of the I P network 
200b or the access server 310b of the mobile commu- 

25 nication network 300. For this, the IP address managing 
unit 4g of the mobile communication terminal 50 con- 
nects to the access server 310b of the mobile commu- 
nication network 300 by PPP at step X35 like step X30 
with reception of the above short message as an oppor- 

30 tunity, and obtains an IP address "IPb." 

[0232] When the IP address managing unit 4g obtains 
the IP address "IPb," the agent information unit 4c con- 
trols the mobile communication connection processing 
unit 4h to transmits a short message containing the ter- 

35 minal identification information "SNb" on its own termi- 
nal and the IP address "IPsb" of the home agent 41 . The 
short message is transmitted to the mobile communica- 
tion terminal 10(X36). 

[0233] The mobile communication terminal 10 re- 
40 ceives the short message through the fifth transmitting/ 
receiving unit 14. The agent information unit 4 extracts 
"SNb" and "IPsb" contained in the received short mes- 
sage, and retains them. 

[0234] Preferably, the packet sessions established at 
45 X31b and X33 are disconnected initiatively by the mo- 
bile communication network 300 or the mobile commu- 
nication terminals 10 and 50 after the short messages 
are transmitted at step X36. 

[0235] As above, the mobile communication terminals 
50 10 and 50 both obtain the IP addresses of the destina- 
tion home agents 41 and 1 , respectively. Incidentally, 
step X35 may be after step X36 so long as step X35 is 
before step X37b to be described later. 
[0236] The agent synchronization processing unit 4e 
55 of the mobile communication terminal 10 controls the 
TCP/IP processing unit 4f to generate an IP packet for 
a synchronization registration request message having 
the IP address "IPsa" as the destination address and 
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the IP address obtained in prior as the source IP ad- 
dress. The agent synchronization processing unit 4e 
controls the mobile communication connection process- 
ing unit 4h so as to convert the generated IP packet into 
a packet for mobile communication network and trans- 
mit it. The mobile communication connection process- 
ing unit 4h control the fifth transmitting/receiving unit 14 
to transmit the IP packet to the home agent 1 via the 
base station 300a (X37a). Preferably, the synchroniza- 
tion registration request message is an IP packet con- 
taining the identification information "SNa" on the mobile 
communication terminal 1 0, the destination home agent 
IP address "IPsb," the identification information "SNb" 
on the communication destination terminal 50 and the 
session type "mobile" in the data portion. 
[0237] The access server 31 0a receives the synchro- 
nization registration request message through the TCP/ 
IP processing unit 31 Oe. The data converting unit 310c 
converts the synchronization registration request mes- 
sage from the packet for mobile communication network 
to an IP packet according to TCP/IP protocol, and trans- 
mits it to the gateway 13. 

[0238] The gateway 1 3 determines on the basis of the 
header information that the received IP packet is ad- 
dressed to the home agent 1 , and transmits the IP pack- 
et to the home agent 1 of the IP network 200a. When 
receiving the synchronization registration request mes- 
sage, the agent synchronization processing unit 3e of 
the home agent 1 prepares the session management 
table 17c, and registers it as the first session. 
[0239] In other words, the agent synchronization 
processing unit 3e stores the session number "1," the 
session type "moble," the requester IP address "IPa," 
the status information "use" and the destination home 
agent IP address "IPsb" in the session management ta- 
ble 17c for the terminal identification information "SNa." 
[0240] Similarly, the mobile communication terminal 
50 transmits a synchronization registration request 
message to the home agent 41 over the mobile commu- 
nication network 300 (X37b). The home agent 41 pre- 
pares the session management table 17c. Namely, the 
session number "1," the session type "mobile," the re- 
quester IP address "IPb," the status information "use," 
and the destination home agent IP address "IPsa" are 
stored in the session management table 17c for the ter- 
minal identification information "SNb." 
[0241] When the preparation of the IP address man- 
agement table 17c is completed, the authenticating 
process is carried out between the mobile communica- 
tion terminal 10 and the home agent 1 over the mobile 
communication network 300 (X38a). 
[0242] Similarly, the authenticating process is carried 
out between the mobile communication terminal 50 and 
the home agent 1 (X38b). When the agent authentica- 
tion processing unit 3d determines through the authen- 
tication that the mobile communication terminals 1 0 and 
50 are terminals that are qualified to get the service pro- 
vided by the home agents 1 and 41, respectively, the 


SyncML synchronization registering process (X39) 
shown in FIG. 12 is carried out between the home 
agents 1 and 41. 

[0243] When the synchronization registering process 
5 is completed, data transmission is initiated between the 
home agent 1 and the home agent 41 (X40a, X40b and 
X40c). Namely, the mobile communication terminal 10 
encrypts user data by means of the encryption process- 
ing unit 4a, fills the user data into an IP packet by means 
10 of the TCP/IP processing unit 4f (the destination ad- 
dress: "IPbb," and the source address: "IPa"), converts 
it into a packet for mobile communication network by 
means of the mobile communication connection 
processing unit 4h, and transmits an RF signal contain- 
15 ing this IP packet from the fifth transmitting/receiving 
unit 14. 

[0244] The transmitted RF signal is received by the 
base station 300a. The packet for mobile communica- 
tion network is undergone the routing process by the ex- 

20 changer 300b, and transmitted to the access server 
310a. The access server 310a converts the packet for 
mobile communication network into an IP packet like the 
above synchronization registration request message, 
and transmits it to the gateway 13. The gateway 13 

25 transfers the received IP packet to the home agent 1, 
and the home agent 1 receives the IP packet. 
[0245] The TCP/IP processing unit 3f analyzes the re- 
ceived IP packet to determine whether or not the IP 
packet is addressed to the home agent 1. When the IP 

30 packet is addressed to the home agent 1 and the source 
is "IPa, " the IP packet is retained in a transmitting buffer 
(#1 , here) by referring to the session management table 
17c under a control of the message synchronization 
processing unit 3a, like the above. 

35 [0246] Similarly, an IP packet is transmitted between 
the mobile communication terminal 50 and the home 
agent 41 , and the IP packet is retained in a transmitting 
buffer of the home agent 41 . Each of the IP packets re- 
tained in the home agent 1 or 41 is retained in a receiving 

40 buffer of the destination home agent according to the 
SyncML communication described above (the destina- 
tion IP address being converted into an IP address of 
the destination home agent 1 ). 
[0247] The IP packets retained in each of the receiv- 

45 ing buffers are transmitted in order to the mobile com- 
munication terminal 10 or 50 over the mobile communi- 
cation network 300 with the requester IP address read 
out from the session management table 17c by the ap- 
plication processing unit 1a as the destination IP ad- 

50 dress. 

[0248] The above is data transmission using the first 
session over the mobile communication network 300 
denoted by X40a, X40b and X40c. 
[0249] Next, description will be made of a flow of 
55 handover of the mobile communication terminal 1 0 from 
the mobile communication network 300 to the IP net- 
work 200a with reference to FIG. 18. 
[0250] FIG. 18 is a diagram showing a sequence of 


45 


EP1 418 713 A1 


46 


handover from the mobile communication network to the 
IP network according to the first embodiment of this in- 
vention. FIG. 18 shows a sequence in which, while the 
mobile communication terminal 10 communicates with 
the mobile communication terminal 50 in the first ses- 
sion (a session over the mobile communication network 
300) established in prior, the mobile communication ter- 
minal 1 0 switches the first session to the second session 
over the IP network 200a (a direct access via the radio 
hub 11 and the like, not over the mobile communication 
network 300 but over the IP network), and continues the 
communication. 

[0251] The mobile communication terminal 10 com- 
municates in the first session (Y2a to Y2d). 
[0252] When the mobile communication terminal 10 
detects that the mobile communication terminal 10 en- 
ters into a communicable area with the radio hub 11 
(Y3b), or that the user of the mobile communication ter- 
minal 10 operates the mobile communication terminal 
10 to add a session (Y3b), the mobile communication 
terminal 10 carries out a process at Y4. Namely, under 
a control of the terminal application processing unit 10c, 
the Bluetooth processing unit 1 0b controls the Bluetooth 
radio unit 10h to communicate by radio with the radio 
hub 11 using the Bluetooth antenna unit 10i, and estab- 
lish a session in a local radio section. 
[0253] The following is an example of the technique 
of detecting that the mobile communication terminal 10 
enters into a communicable area with the radio hub 11 . 
Namely, the radio hub 11 periodically transmits signals 
and the radio adapter 50b receives the signals periodi- 
cally transmitted from the radio hub 11 , or recognizes a 
specific message contained in the received signal, 
thereby detecting that the mobile communication termi- 
nal 10 enters into the communicable area with the radio 
hub 11. 

[0254] The IP address managing unit4g of the mobile 
communication terminal 10 controls the TCP/IP 
processing unit 4f so as to generate an IP packet ad- 
dressed to an IP address "IPtsa" of the repeating server 
12 and having a temporary address as the source This 
IP packet contains the terminal identification information 
"SNa" on the mobile communication terminal 1 0 and da- 
ta indicating an assign request in the data part, which is 
also referred as an IP address assign request message. 
[0255] The IP packet generated by the TCP/IP 
processing unit 4f is transmitted to the radio hub 11 
through the Bluetooth processing unit 10b, the Blue- 
tooth radio unit 10h and the Bluetooth antenna unit 1 0i 
in the similar manner. 

[0256] When receiving the IP packet, the radio hub 11 
transmits the IP packet to the repeating server 1 2. When 
the transmitting/receiving unit 12a of the repeating serv- 
er 12 receives the IP address assign request message, 
the TCP/IP processing unit 12b recognizes that the IP 
packet is addressed to its own server (the destination 
being "IPtsa"), and inputs the IP address assign request 
message to the repeating server application processing 


unit 12c. The repeating server application processing 
unit 1 2c selects an IP address that can be assigned , and 
retains an IP address selected (assigned) correspond- 
ingly to "SNa" in the IP address management table 12d 

5 ("IP 1 a," here). The repeating server application process- 
ing unit 12c controls the TCP/IP processing unit 12b and 
the transmitting/receiving unit 12a to transmit an IP 
packet addressed to the temporary address containing 
the selected IP address in the data part to the mobile 

10 communication terminal 10 via the radio hub 11 . 

[0257] When receiving the IP packet, the radio hub 1 1 
transmits an RF signal to the mobile communication ter- 
minal 10 according to Bluetooth protocol. The radio 
adapter 10b of the mobile communication terminal 10 

15 receives the RF signal, and inputs it to the TCP/IP 
processing unit 4f. The TCP/IP processing unit 4f rec- 
ognizes that the signal is an IP packet addressed to its 
own terminal (the temporary address), and inputs the 
assigned IP address "IP' a" contained in the IP packet 

20 to the IP address managing unit 4g. The IP address 
managing unit 4g retains the assigned IP address "IP'a." 
[0258] The mobile communication terminal 10 ac- 
cesses to the home agent 1 via the radio hub 11 using 
the assigned IP address, and gets into a TCP/IP com- 

25 municable status. The above process corresponds to 
Y4 shown in FIG. 18. 

[0259] The agent synchronization processing unit 41 
of the mobile communication terminal 10 assigned the 
IP address "IP'a" transmits a synchronization registra- 

30 tion request message to the home agent 1 (Y6a and 
Y6b). Namely, the agent synchronization processing 
unit 4e controls the TCP/IP processing unit 4f so as to 
generate an IP packet (a synchronization registration re- 
quest message) containing the terminal identification in- 

35 formation "SNa" on its own terminal, the IP address 
"IPsb" of the home agent 4a to which the communication 
destination terminal has applied for the synchronization 
registration, the terminal identification information 
"SNb" on the communication destination terminal and 

40 the session type "I P" in the data part, and the I P address 
"IPsa" of the home agent 1 as the destination and the 
newly assigned IP address "IP'a" as the source in the 
IP header. 

[0260] The TCP/IP processing unit 4f transmits the 
45 synchronization registration request message to the 
home agent through the radio adapter 10b (Y5). 
[0261] The agent synchronization processing unit 3e 
of the home agent having received the synchronization 
registration request message updates the session man- 
50 agement table 17c. Namely, the anent synchronization 
processing unit 3e newly stores the session number "2," 
the session type "IP," the requester IP address "IP'a," 
the status information "wait," and the destination home 
agent IP address "IPsb" (below the column of the ses- 
55 sion number 1 ) in the table for the terminal identification 
information "SNa." 

[0262] When the updating of the IP address manage- 
ment table 1 7c is completed , the authenticating process 
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is then carried out between the mobile communication 
terminal 10 and the home agent 1, using a session with 
the home agent 1 of the IP network 200 established not 
over the mobile communication network 300 via the ra- 
dio hub 11 and the like (Y6a and Y6b). 
[0263] Namely, the authenticating process on the mo- 
bile communication terminal 10 is carried out between 
the agent authentication processing unit 4d of the mo- 
bile communication terminal 10 and the agent authenti- 
cation processing unit 3d of the home agent 1 in a pre- 
determined procedure. 

[0264] When the agent authentication processing unit 
3e determines through this authenticating process that 
the mobile communication terminal 10 is a terminal that 
is qualified to get the service provided by the home 
agent 1 , a session for handover is established (regis- 
tered) between the mobile communication terminal 10 
and the home agent 1 (multiple sessions established) 
(Z7a and Z7b). 

[0265] The handover processing unit 3b controls the 
TCP/IP processing unit 3f and the transmitting/receiving 
unit 1b so as to transmit a handover start message (an 
I P packet) to the mobile communication terminal 1 0 after 
the multiple sessions are established, or provided that 
the communication monitoring function detects as stat- 
ed above. Namely, it is preferable that when the hando- 
ver processing unit 3b transmits the I P packet to the mo- 
bile communication terminal 1 0 through the mobile com- 
munication network transmitting/receiving unit 1e, the IP 
packet contains "IPa" as the destination IP address and 
"IP* a" as the destination address when the handover 
processing unit 3b transmits the IP packet to the mobile 
communication terminal 10 through the intra-network 
transmitting/receiving unit 1f. In either case, the IP pack- 
et contains the IP address "IPsa" of its own server as 
the source IP address in the header part, along with the 
message contents "handover start," the session type 
"IP" of the handed-over network in the data part. Inci- 
dentally, the IP addresses "IPa" and "IP'a" can be read 
out from the session management table 17c and used. 
[0266] When receiving the handover start signal, the 
handover processing unit 4b stops transmission of IP 
packet to be transmitted to the home agent 1 of the mo- 
bile communication terminal 10. The handover process- 
ing unit 4b obtains an IP address "IP' a" to be used for 
the session type "IP" designated in the handover start 
signal from the IP address managing unit 4g, and sets 
it to the TCP/IP processing unit 4f. The IP address "IP* 
a" is used as the source IP address of IP packets to be 
transmitted to the home agent 1 . 
[0267] On the other hand, the handover processing 
unit 3b of the home agent 1 having transmitted the 
handover start signal stops the SyncML communication, 
assigns a new pair of transmitting buffer (#2) and receiv- 
ing buffer (#2) to the mobile communication terminal 10, 
and stores an IP packet received from the mobile com- 
munication terminal 10 through the mobile communica- 
tion network transmitting/receiving unit 1f in the new 


transmitting buffer (#2) and an IP packet received from 
the mobile communication terminal 50 through the intra- 
network transmitting/receiving unit 1g in the new receiv- 
ing buffer (#2) from this time on. The SyncML table 17a 
5 is newly prepared in order to manage the new pair of 
buffers. 

[0268] The handover processing unit 3b transmits a 
handover end signal to the mobile communication ter- 
minal 10 when the preparation of the SyncML table 17a 
10 is completed. The message contents "handover start" 
contained in the data portion of the handover start signal 
is changed to "handover end" and used as the handover 
end signal. 

[0269] When the handover processing unit 4b re- 
's ceives the handover end signal, transmission and re- 
ception of IP packets is started in the second session. 
As the source IP address, the set "IP'a" is used. 
[0270] The handover processing unit 4b of the mobile 
communication terminal 10 having received the hando- 
20 ver end signal detects the message contents "handover 
end," and starts to transmit and receive an IP packets 
containing user data in the session for handover (a ses- 
sion with the home server 1 over the IP network 200a). 
In the IP packet, the IP address "IPsa" of the home agent 
25 1 is used as the destination IP address, and the set "IP'a" 
is used as the source IP address. 
[0271] The message synchronization processing unit 
3a of the home agent 1 refers to the SyncML table 17a 
for the terminal identification information "SNa." When 
30 detecting that an IP packet not yet transmitted is still re- 
tained in the transmitting buffer (#1 ) used when the first 
session is used, the message synchronization process- 
ing unit 3a preferentially transmits an IP packet retained 
in, not the new transmitting buffer (#2) but the old trans- 
35 mitting buffer (#1), to the home agent 41 in SyncML 
communication. 

[0272] When referring to the SyncML table 17a and 
detecting that an IP packet not yet transmitted is not re- 
tained in the transmitting buffer (#1 ) used when the first 

40 session is used, the message synchronization process- 
ing unit 3a transmits an IP packet retained in the new 
transmitting buffer (#2) to the home agent 41 . 
[0273] The procedure of the SyncML communication 
may be according to the process shown in FIG. 1 3. Note 

45 that the destination IP address and the source IP ad- 
dress of the user data transmitted from the mobile com- 
munication terminal 10 to the home agent 1 when the 
first session is used are "IPsa" and "IPa," respectively. 
After the handover, the destination IP address of the us- 

50 er data transmitted from the mobile communication ter- 
minal 10 to the home agent 1 remains to be "IPsa" but 
the source IP address is changed to "IP'a." 
[0274] Before the start and after the end of the hando- 
ver process, the destination IP address of an IP packet 

55 containing user data to be transmitted from the mobile 
communication terminal 50 is "IPsb," and the source IP 
address is "IPb," both of which remain unchanged. Ad- 
ditionally, the destination IP address of an IP packet to 
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be transmitted from the home agent 41 to the home 
agent 1 in the SyncML communication is "IPsa" and the 
source IP address is "IPsb," both of which remain un- 
chained, as well. Accordingly, the mobile communica- 
tion terminal 50 and the home agent 41 do not need to 
recognize whether the mobile communication terminal 
10 is handed over or not. 

[0275] When the home agent 1 transmits an IP packet 
received from the home agent 41 to the mobile commu- 
nication terminal 10, the destination IP address is "IPa" 
before the handover, but the destination IP address 
needs to be changed to "IP'a" after the handover. 
[0276] As above, the mobile communication terminal 
10 uses the first session before handover and the sec- 
ond session after the handover, thereby continuing the 
TCP/IP communication with the mobile communication 
terminal 50. Since the home agent 1, the IP address of 
which remain unchanged before and afterthe handover, 
repeats IP packets, the home agent 41 and the mobile 
communication terminal 50 do not need to be aware of 
a change in IP address of the mobile communication ter- 
minal 10 with a switching of the session. 
[0277] In other words, since a section in which the IP 
address in the header part of the IP packet differs be- 
tween before and after the handover is only a section 
between the mobile communication terminal 10 and the 
home agent 1, it is unnecessary to change the IP ad- 
dress in the header part of the IP packet to be commu- 
nicated between the home agent 1 and another server 
or terminal. 

[0278] The above is the handover method from the 
server, the mobile communication terminal and the IP 
network to the mobile communication network, and the 
handover method from the mobile communication net- 
work to the IP network. 

[0279] Meanwhile, this embodiment can be modified 
in various ways. 

[0280] Now, description will be made of a case where 
an inquiring function is added to the repeating servers 
12 and 52, as a modification. When the repeating serv- 
ers 12 and 52 relate identification information on the 
home agents 1 and 41 to IP addresses of the home 
agents 1 and 41, respectively, each of the mobile com- 
munication terminals 10 and 50 can notify of the identi- 
fication information on the home agent 1 or 41 instead 
of the IP address by a short message. 
[0281] In this case, each of the mobile communication 
terminals 1 and 41 generates a message inquiring for 
the IP address of the home agent having the identifica- 
tion information on the repeating server 12 or 52, and 
transmits the message to the repeating server 12 or 52. 
When receiving the message, each of the repeating 
servers 12 and 52 transmits an IP address correspond- 
ing to the identification information to the mobile com- 
munication terminal 1 or 41 having inquired. 
[0282] Each of the mobile communication terminal 1 
and 41 sets a received IP address as the IP address of 
the home agent of the destination communication ter- 


minal in a synchronization registration request mes- 
sage, and transmits the IP packet. 
[0283] Further, the function of the repeating servers 
12 and 52 may be integrated to the function of the home 

5 agents 1 and 41. 

[0284] FIG. 22 is a schematic diagram showing the 
structure of an IP network according to the first embod- 
iment of this invention. An IP network 200d shown in 
FIG. 22 has is similar in. function to the IP network 200a. 

10 The IP network 200d comprises a home agent server 
(home agent) 1 50 having a function which is an integra- 
tion of the function of the home agent 1 and the inquiring 
function of the repeating server 12. Like reference char- 
acters in FIG. 22 designate like or corresponding parts 

15 in the drawings, repetitive descriptions of which are thus 
omitted. 

[0285] The mobile communication terminal 10 can 
change the IP address of the home agent 41 in the syn- 
chronization registration request message to the home 

20 agent to the identification information on the home agent 
41 , and transmits it. Since the home agent relates an IP 
address to identification information and retains them, it 
is possible to prepare a session management table by 
reading out a relevant IP address. 

25 [0286] In this embodiment, there are provided two 
home agents, the home agent 1 for the transmitting mo- 
bile communication terminal 10 and the home agent 41 
for the receiving mobile communication terminal 50. 
However, the home agent may be one. A case where 

30 the mobile communication terminal 10 is handed over 
from the IP network to the mobile communication net- 
work with one home agent will be next described briefly. 
[0287] The mobile communication terminals 10 and 
50 obtain IP addresses "IPa" and "IPb," respectively, in 

35 the similar manner to X1 and X2 in FIG. 14. Assuming 
here that the mobile communication terminals 10 and 
50 retain an IP address of the home agent, the mobile 
communication terminal 10 and 50 do not transmit/re- 
ceive short messages to each other. When the mobile 

40 communication terminals 10 and 50 do not retain the IP 
address, the mobile communication terminals 1 0 and 50 
transmit the short messages to each other, as shown in 
FIG. 14. 

[0288] Each of the mobile communication terminals 
45 10 and 50 having obtained the IP address then transmits 
a synchronization registration request message to one 
shared home agent. The synchronization registration 
request messages are IP packets, which may be "IPsa, 
IPa; SNa, SNb, IP" and "IPsa, IPb; SNb, SNa, IP" as 
50 denoted in FIG. 14. 

[0289] When detecting that a pair of SNa and SNb co- 
incide to each other, the home agent transmits a syn- 
chronization registration response signals to the mobile 
communication terminals 10 and 50, secures the buffers 
55 1 and 2, relates the IP addresses "IPa" and "IPb" to each 
other, and retains them. 

[0290] When receiving the synchronization response 
signal, each of the mobile communication terminals 10 
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and 50 transmits an IP packet containing user data to 
the home agent. The home agent retains the received 
IP packets in the buffers 1 and 2, fills user data in the IP 
packet from the mobile communication terminal 10 in 
the data part of an IP packet to be transmitted from its 5 
own server as the source addressed to the retained 
"IPb," while filling user data of the IP packet from the 
mobile communication terminal 50 in the data part of an 
IP packet to be transmitted from its own server as the 
source addressed to the retained "IPa." Here, the de- to 
tecting process at Z3b shown in FIG. 16 is carried out. 
When obtaining "IP* a" at Z4, the mobile communication 
terminal 10 transmits a synchronization registration re- 
quest message to the home agent. The synchronization 
registration request message is an IP packet, which may is 
be "IPsa, IPa; SNa, SNb, mobile." 
[0291] When receiving the synchronization registra- 
tion request message, the home agent retains data 
"IP'a" and "mobile,'' and transmits a synchronization 
registration response signal to the mobile communica- 20 
tion terminal 10. 

[0292] After that, when the above communication 
monitoring function of the home agent detects as de- 
scribed above, the home agent transmits a start signal 
to the mobile communication terminal 10. 25 
[0293] The mobile communication terminal having re- 
ceived the start signal transmits an IP packet to the 
home agent over the mobile communication network, 
using the IP address "IP* a." The home agent retains this 
IP packet in the buffer 1 , and transmits the IP packet to 30 
the mobile communication terminal 50. 
[0294] On the other hand, the IP packet from the mo- 
bile communication terminal 50 is retained in the buffer 
2, and transmitted, addressed to "IP'a." 
[0295] Hereinafter, the effects and merits will be de- 
scribed with reference to FIGS. 19(a), 19(b), 20(a) and 
20(b). 

[0296] FIGS. 19(a) and 19(b) are diagrams for illus- 
trating effects provided when this invention is used. A 
system (a communication system) 100a shown in FIG. 
19(a) is before this invention is applied. In FIG. 19(a), 
the user A moves to a different kind of network (an IP 
network 400a) during a data communication over a mo- 
bile communication network 300. After moving, the user 
A needs to once disconnect the data communication, 
re-dial in environments of another network, and carry 
out a process from call connection to data communica- 
tion. 

[0297] A communication system 100 shown in FIG. 
19(b) is applied this invention. Even when the user 
moves into a different kind of network during a data com- 
munication over the mobile communication network 300 
or the IP network 200a, seamless handover is possible. 
[0298] In the communication system 100, the mobile 
communication terminal 10 in data communication over 
one I P network 200a to which the mobile communication 
terminal 10 is first connected can move to the mobile 
communication network 300, with the communication 


being continued, or the mobile communication terminal 
10 in data communication over the mobile communica- 
tion network 300 to which the mobile communication ter- 
minal 10 is first connected can move to the IP network 
200a without disconnecting a session of the data com- 
munication. 

[0299] FIGS. 20(a) and 20(b) are diagrams for illus- 
trating another effect of this invention. When the mobile 
communication terminal 10 shown in FIG. 20(a) ex- 
changes data with a mobile communication terminal 50 
of a user in abroad, resources belonging to the mobile 
communication network 300, an international connec- 
tion network 302 and a mobile communication network 
303 of the communication destination terminal for the 
data exchange are used. For this, the user is required 
an access charge of the international connection net- 
work 302, in addition to the use charges of the mobile 
communication networks 300 and 303. 
[0300] The communication system 1 00 shown in FIG. 
20(b) is applied this invention. When the mobile com- 
munication terminal 10 belonging to the mobile commu- 
nication network 300 exchanges data with the portable 
terminal 50a in abroad, the user can switch the session 
so that the communication is carried out via the closest 
access server charging a low user cost at any time and 
exchange data over the IP network 200a even if the user 
of the mobile communication terminal 10 moves during 
the communication over the mobile communication net- 
work 300 using the portable communication terminal 1 0. 
[0301 ] As above, it is possible to decrease the number 
of resources of the repeating networks transferring IP 
packet data so that the delay time of the packet data is 
shortened when the user accesses to the IP network 
200a. 

[0302] The Data communicating process in the IP net- 
work 200a and the data communicating process in the 
mobile communication network 300 are fused seam- 
lessly, thereby promoting use by the users. 

(A1 ) Description of First Modification of First 
Embodiment of the Invention 

[0303] In the communication system 1 00 according to 
the first embodiment, the mobile communication termi- 
nal 10 can be connected to the IP network over wires. 
Incidentally, the communication system (not shown) in 
a first modification is similar to the communication sys- 
tem 100 unless specifically mentioned. Other than 
these, like reference characters designate like or corre- 
sponding parts in the drawings, repetitive descriptions 
of which are thus omitted. 

[0304] FIG. 21 is a schematic diagram showing a 
structure of an IP network according to the first modifi- 
cation of the first embodiment of this invention, An IP 
network 200c shown in FIG. 21 is similar in function to 
the IP network 200a, whereas a hub (hub apparatus) 11' 
is connected to a repeating server 12, and a wire line 
80b is connected to the hub 1 1 ' , via which a mobile com- 
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munication terminal 80 is provided. 
[0305] The wire line 80b is a LAN cable. The hub 11' 
transfers IP packets. The mobile communication termi- 
nal 80 has an adapter 80a to establish a communication 
with the hub 11", along with a cellular phone 10a. Where- 
by, the mobile communication terminal 80 can transfer 
data over the wires, instead of by radio. 
[0306] The mobile communication terminal 1 0 has an 
IP protocol processing function as a terminal which be- 
longs to a radio LAN and has a communicating function 
with a radio hub 11 , along with a mobile communication 
protocol processing function as a cellular phone. 
[0307] With the above structure, the mobile commu- 
nication terminal 10a carries out a data communication 
with the hub 11\ whereby the user can access from the 
IP network 200c to the IP network 200b. 
[0308] As above, a communication system can be 
configured with existing installations. 

(B) Description of Second Embodiment of the Invention 

[0309] In each of the first embodiment and the first 
modification of the first embodiment, the home agents 
1 (150) and 41 are provided in the IP networks 200a and 
200b, respectively. However, the home agents 1 (150) 
and 41 may be provided outside the IP networks 200a 
and 200b, respectively. 

[0310] FIG. 23 is a diagram showing a structure of a 
communication system 100b according to a second em- 
bodiment of this invention. A communication system 
100b shown in FIG. 23 is a system which can fuse the 
mobile communication network and the IP network to 
communicate with each other. The communication sys- 
tem 100b comprises mobile communication terminals 
10 and 50, a mobile communication network 300, an IP 
network (service provider) 501, and IP networks 500a 
and 500b. 

[0311] The communication system 100b shown in 
FIG. 23 differs from the communication system 100 in 
that the home agents 501 a and 501 b are provided in the 
IP network 501, not in the IP networks 200a and 200b. 
In other words, the two home agents 501 a and 501 b car- 
rying out the SyncML communication are provided in- 
dependently of the IP networks 500a and 500b. 
[0312] The service provider 501 is an enterprise or the 
like providing a chargeable connection service to the IP 
network to users. The service provider 501 comprises 
a home agent (first server) 501a, a home agent (second 
server) 501b, and gateway servers 501c (GWc) and 
501 d (GWd). 

[0313] The IP network 500a is connected to the home 
agent 501a which can communicate with the mobile 
communication terminal 10, functioning as a first packet 
network similar to the IP network 200a. The IP network 
500b has the home agent 501b which can transmit and 
receive data to/from the home agent 501a, functioning 
as a second packet network. The user can be handed 
over without being aware of his/her position. 


[0314] The home agent 501a is a server connected to 
the IP network 200a. The home agent 501a comprises 
a mobile communication network transmitting/receiving 
unit 1e, an intra-network transmitting/receiving unit 1f, 

5 an inter-network transmitting/receiving unit 1g and an 
agent server application processing unit 1a. 
[0315] The mobile communication network transmit- 
ting/receiving unit 1e transmits/receives packets over 
the mobile communication network 300 to/from the mo- 

10 bile communication terminal 10, which can communi- 
cate with both the mobile communication network 300 
and the IP network 200a. 

[0316] The intra-network transmitting/receiving unit 1f 
transmits/receives a packet containing synchronization 

15 data relating to synchronization and user data to/from 
the mobile communication terminal 10. 
[0317] The inter-network transmitting/receiving unit 
1g transmits/receives data with the home agent 501b 
connected to an IP network 200b which differs from the 

20 mobile communication network 300 and the IP network 
200a and can communicate with a communication des- 
tination terminal (the mobile communication terminal 
50). 

[0318] The agent server application processing unit 
25 1 a is inputted data from the mobile communication net- 
work transmitting/receiving unit 1e, the intra-network 
transmitting/receiving unit 1f and the inter-network 
transmitting/receiving unit 1g, and outputs the data 
thereto. 

30 [0319] The home agent 501 b is similar in structure to 
the home agent 501a. 

[0320] The gateway server 501c is provided, for ex- 
ample, on a boundary between the IP network 200a and 
the mobile communication network 300, and has a func- 

35 tion of passing a specific IP packet having a specific IP 
address between different kinds of networks (the IP net- 
work and the mobile communication networks). The 
gateway server 501 d is provided, for example, on a 
boundary between the IP network 200b and the mobile 

40 communication network 300 to pass a specific I P packet 
having a specific IP address between different kinds of 
networks. 

[0321] It is thereby possible to decrease the load and 
manage the networks efficiently. "On the boundary" sig- 

45 nifies "providing in either the IP network 200a or the mo- 
bile communication network 300." 
[0322] Other than the above, like reference charac- 
ters designate like or corresponding parts or parts hav- 
ing like functions, further descriptions of which are thus 

so omitted. 

[0323] With the above structure, a process for data 
communication is carried out just as done in the process 
described above in the first embodiment. 
[0324] The second embodiment can be applied to the 
55 Internet service to the public, as well. 

[0325] Even when the home agent is not provided in 
an IP network (an IP network in an enterprise or the like) 
as above, it is possible to provide the service by provid- 
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ing the processing unit to the service provider. Namely, 
even when the home agent is disposed in the service 
provider, the same effect can be provided. 
[0326] When the mobile communication terminal 10 
is in data communication over the mobile communica- 5 
tion network 300 or over the IP network 500a in the com- 
munication system 1 00b, the mobile communication ter- 
minal 1 0 can be seamlessly handed over even when the 
mobile communication terminal 10 moves into a differ- 
ent kind of network, thus the user can move freely with 10 
the data communication being continued. 
[0327] As above, it is possible to decrease the number 
of resources of repeating networks transferring IP pack- 
et data, and shorten the delay time of packet data when 
the user accesses to the IP network 500a. 15 

(C) Others 

[0328] Note that the above examples are not limited 
to Bluetooth protocol, but any one of various protocols 20 
may be used as the short-distance radio communication 
protocol. 

[0329] The mobile communication terminals 10 and 
50 may transmit/receive data to/from each other in an 
information transmitting/receiving system other than 25 
SMS. 

[0330] Each of the above management tables 44 , 44a 
and 44b stores two kinds of IP addresses. However, the 
management table may store three or more kinds of IP 
addresses. 30 

Industrial Applicability 

[0331] According to this invention, the user can con- 
currently use a communication system such as a mobile 35 
communication system such as IMT-2000 (International 
Mobile Telecommunications - 2000) or an existing sub- 
scriber mobile communication service, and an Internet 
communication system such as an inter-office system 
configuring an IP network, an Internet connection sys- *o 
tern provided by a service provider or a system provided 
by a value added service provider. Data communication 
over the IP network and data communication over the 
mobile communication network are seamlessly fused, 
whereby the user can be handed over without a discon- 45 
nection of the communication during the communication 
using one mobile communication terminal. 


server of its own and said terminal and a sec- 
ond address of said first terminal assigned to a 
second session representing a connection sta- 
tus between said server of its own and said first 
terminal; 

a. receiving unit receiving a packet containing 
user data from said second terminal; 
a switching unit switching from said first ses- 
sion of a packet having said first address as a 
destination and containing said user data to 
said second session of a packet having said 
second address as the destination and contain- 
ing said user data on the basis of said address- 
es stored in said session managing unit; and 
a transmitting unit transmitting said packet us- 
ing said second session switched by said 
switching unit. 

2. A server disposed in a packet network to repeat a 
packet between a first terminal and a second termi- 
nal comprising: 

a session managing unit storing a first address 
of said first terminal assigned to a first session 
representing a connection status between said 
server of its own and said first terminal and a 
second address of said first terminal assigned 
to a second session representing a connection 
status between said server of its own and said 
first terminal; 

a receiving unit receiving a packet having said 
first address or said second address as a 
source address and containing user data from 
said first terminal in said first session or said 
second session; and 

a transmitting unit transmitting a packet con- 
taining said user data in said received packet 
and having an address of said server of its own 
as the source address to said second terminal 
in both said first session and said second ses- 
sion. 

3. The server according to claim 1 , wherein said first 
address is either an address assigned by a mobile 
communication network or an address assigned by 
said IP network, and said second address is the oth- 
er address. 

4. The server according to claim 2, wherein said first 
address is either an address assigned by a mobile 
communication network or an address assigned by 
said IP network, and said second address is the oth- 
er address. 

5. The server according to claim 1 , wherein said first 
session is either a session in which said first termi- 
nal communicates with said IP network over a mo- 
bile communication network or a session in which 


Claims so 

1. A server disposed in a packet network to repeat a 
packet between a first terminal and a second termi- 
nal comprising: 

55 

a session managing unit storing a first address 
of said first terminal assigned to a first session 
representing a connection status between said 
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said first terminal directly accesses to said IP net- 
work to communicate with the same, and said sec- 
ond session is the other session. 

The server according to claim 1, wherein said 
switching unit monitors a quality of a radio signal 
transmitted from said first terminal in said first ses- 
sion, and switches said first session or said second 
session on the basis of predetermined detection. 

A mobile communication terminal accessing to a 
mobile communication network connected to a 
packet network to be able to carry out a packet com- 
munication with a server in said packet network 
comprising: 

an access obtaining unit directly accessing to 
said packet network, not over said mobile com- 
munication network, to obtain an access for a 
packet communication; 

a control unit controlling said address obtaining 
unit to obtain an address when a predetermined 
operation is performed on said mobile commu- 
nication terminal or it is detected that a direct 
access to said packet network becomes possi- 
ble during the packet communication with said 
server; and 

a switching unit switching the packet communi- 
cation with said server to a packet communica- 
tion by a direct access to said packet network 
using the address obtained by said address ob- 
taining unit. 

8. A mobile communication terminal directly access- 
ing to a packet network connected to a mobile com- 
munication terminal, not over said mobile commu- 
nication network, to be able to carry out a packet 
communication with a server in said packet network 
comprising: 

an address obtaining unit directly accessing to 
said mobile communication network to obtain 
an address for a packet communication; 
a control unit controlling said address obtaining 
unit to obtain an address when a predetermined 
operation is performed on said mobile commu- 
nication terminal or it is detected that a direct 
access to said packet network becomes possi- 
ble during the packet communication with said 
server; and 

a switching unit switching the packet communi- 
cation with said server to a packet communica- 
tion by a direct access to said mobile commu- 
nication network using the address obtained by 
said address obtaining unit. 

9. The mobile communication terminal according to 
claim 7, wherein said control unit notifies said server 


of said obtained address before the switching. 

10. The mobile communication terminal according to 
claim 7, wherein said switching unit switches ac- 

5 cording to an instruction from said server. 

11. The mobile communication terminal according to 
claim 7, wherein said switching unit stops to trans- 
mit a packet for the packet communication with said 

10 server according to a first instruction from said serv- 
er, switches according to a second instruction after 
said first instruction, and starts to transmit a packet. 

12. A radio apparatus disposed in a packet network to 
15 carry out a radio communication with a mobile com- 
munication terminal comprising: 

a measuring means measuring a receive qual- 
ity in said radio communication; and 

20 a transmitting unit transmitting a received pack- 

et from said mobile communication terminal, a 
measured receive quality or deterioration infor- 
mation generated on the basis of said receive 
quality to a server in said packet network which 

25 is in communication with said mobile commu- 

nication terminal. 

13. A communication method in a communication sys- 
tem comprising a server disposed in a packet net- 

30 work and a mobile communication terminal being 
able to access to both a mobile communication net- 
work connected to said packet network and said 
packet network, comprising the steps of: 

35 sending a packet to be transmitted when said 

mobile communication terminal carries out a 
packet communication with another terminal 
via said server, and controlling a source ad- 
dress of the packet to said another terminal by 

40 said server so that the source address of said 

packet remains unchanged before and after a 
switching of the network to which said mobile 
communication terminal accesses. 

45 14. The communication method in a communication 
system according to claim 1 2 further comprising the 
steps of: 

notifying of an address to be used in a network 
so to be switched to from said mobile communica- 

tion terminal when the network to which said 
mobile communication terminal accesses is 
switched; and 

switching a destination address of a packet 
55 from said another terminal to said notified ad- 

dress by said server when the network to which 
said mobile communication terminal accesses 
is switched. 
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15. A communication method in a communication sys- 
tem comprising: 

a first session communication step at which a 
first terminal communicates with a first server 5 
in a packet network over a mobile communica- 
tion network using a first session representing 
a connection status between said first terminal 
and said first server; 

a synchronous communication step at which 10 
said first server starts a synchronous commu- 
nication with a second server in said packet net- 
work; 

a synchronization registration request trans- 
mission step at which said first terminal trans- 15 
mits a synchronization registration request us- 
ing a packet communication set between said 
first terminal and said first server; 
a second session establishment step at which 
a second session representing a direct connec- 20 
tion status between said first server having re- 
ceived said synchronization registration re- 
quest and said first terminal is established; 
a handover step at which said first server hav- 
ing received said synchronization registration 25 
request hands over; 

a switching step at which said first terminal 
switches from said mobile communication net- 
work to said packet network; and 
a communication step at which said first termi- 30 
nal communicates with said second terminal 
over said switched packet network using said 
synchronous communication started at said 
switching step. 

35 

16. A communication system comprising: 

a packet network; 

a mobile communication network connected to 
said packet network; *o 
a server disposed in said packet network to re- 
peat a packet between a first terminal and a 
second terminal; 

said first terminal transmitting/receiving a pack- 
et to/from said server directly or over said mo- 45 
bile communication network; 
said server comprising: 

a session managing unit storing a first ad- 
dress of said first terminal assigned to a 50 
first session representing a connection sta- 
tus between said server of its own and said 
first terminal and a second address of said 
first terminal assigned to a second session 
representing a connection status between 55 
said server of its own and said first termi- 
nal; 

a receiving unit receiving a packet contain- 


ing user data from said second terminal; 
a switching unit switching from said first 
session of a packet having said first ad- 
dress as the destination and containing 
said user data to said second session of a 
packet having said second address as a 
destination and containing said user data 
on the basis of said addresses stored in 
said session managing unit; 
a transmitting unit transmitting said packet 
in said second session switched by said 
switching unit; 

said mobile communication terminal compris- 
ing: 

a transmitting/receiving unit transmitting/ 
receiving a packet to/from said server in 
said packet network directly or over said 
mobile communication network connected 
to said packet network; 
an address obtaining unit obtaining an ad- 
dress for a packet communication from the 
packet received by said transmitting/re- 
ceiving unit, generating a packet having 
said obtained address and directly access- 
ing to said packet network; 
an address managing unit storing said ad- 
dress for the packet communication ob- 
tained by said address obtaining unit; 
a control unit controlling said address ob- 
taining unit to obtain said address for the 
packet communication when detecting a 
predetermined operation or a status in 
which a direct access to said packet net- 
work becomes possible during the packet 
communication with said server over said 
mobile communication network; and 
a switching unit switching from the packet 
communication with said server over said 
mobile communication network to a packet 
communication by a direct access to said 
server when said control unit detects, and 
inputting the address for a packet stored in 
said address managing unit to said ad- 
dress obtaining unit. 
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FIG. 5 
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FIG. 9 


IP ADDRESS MANAGEMENT TABLE 


TERMINAL IDENTIFICATION 
INFORMATION MACa 

NUMBER 

IP ADDRESS 

1 

200. 200. 200. 201 

2 

200. 200. 200. 202 



N 

200. 200. 200. 20* 


TERMINAL IDENTIFICATION 1 
INFORMATION MACb 

NUMBER 

IP ADDRESS 

1 

200. 200. 200.211 

2 

200. 200. 200.212 



N 

200.200. 200.21* 


TERMINAL IDENTIFICATION 
INFORMATION MACc 

NUMBER 

IP ADDRESS 

1 

200. 200. 200. 221 

2 

200. 200. 200. 222 



N 

200. 200. 200. 22* 
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SYNCML TABLE 



TERMINAL I DENT I CAT I ON INFORMATION SNa 

FOR 

TRANSMISSION 

BUFFER NUMBER 

PACKET NUMBER 

HEADER POINTER 

# 1 

1 

OxOa 

2 

OxOb 


I N 

OxOf 

FOR 
RECEPTION 

BUFFER NUMBER 

PACKET NUMBER 

HEADER POINTER 

# 1 

1 

OxJ a 

2 

0x1 b 


N 

Oxlf 



TERMINAL I DENT I CAT I ON INFORMATION SNc 

FOR 

TRANSMISSION 

BUFFER NUMBER 

PACKET NUMBER 

HEADER POINTER 

#2 

1 

0x2a 

2 

0x2b 


N 

Ox2f 

FOR 
RECEPTION 

BUFFER NUMBER 

PACKET NUMBER 

HEADER POINTER 

#2 

1 

0x3a 

2 

0x3b 


N Ox3f 



TERMINAL I DENT I CAT I ON INFORMATION SNd 

FOR 
TRANSMISSION 

BUFFER NUMBER 

PACKET NUMBER 

HEADER POINTER 

#3 

1 

0x4a 

2 

0x4b 


N 

0x4f 

FOR 
RECEPTION 

BUFFER NUMBER 

PACKET NUMBER 

HEADER POINTER 

#3 

1 

0x5a 

2 

0x5b 
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(57) In a communication system, a server can trans- 
fer between a mobile communication network and a 
packet communication network with a terminal continu- 
ing a communication with the mobile communication 
network. 

The server disposed in a packet network to repeat 
a packet between a first terminal and a second terminal 
comprises a session managing unit storing a first ad- 
dress of the first terminal assigned to a first session rep- 
resenting a connection status between the server of its 
own and the terminal and a second address of the first 
terminal assigned to a second session representing a 
connection status between the server of its own and the 
first terminal, a receiving unit receiving a packet contain- 
ing user data from the second terminal, a switching unit 
switching from the first session of a packet having the 
first address as a destination and containing the user 
data to the second session of a packet having the sec- 
ond address as the destination and containing the user 
data on the basis of the addresses stored in the session 
managing unit, and a transmitting unit transmitting the 
packet using the second session switched by the switch- 
ing unit. 
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Description 

Technical Field 

[0001 ] The present invention relates to a server, a mo- 5 
bile communication terminal, a radio apparatus, a com- 
munication method in a communication system and a 
communication system suitable for use in a communi- 
cation system which can concurrently use different 
kinds of networks, that is, a mobile communication net- 10 
work and another network (for example, Internet com- 
munication network). 

Background Art 

15 

[0002] Since environments of mobile computing are 
prepared and the mobile communication network and 
IP (internet protocol) network (referred also as TCP/IP 
communication network or IP packet network) are both 
developed quickly, a mobile communication terminal 
can access to the IP network over the mobile commu- 
nication network to get a service provided by the IP net- 
work. A terminal such as a personal computer (herein- 
after abbreviated as a personal computer) connected to 
the IP network can transmit/receive an electronic mail 
and the like to/from a mobile communication terminal 
over the IP network and the mobile communication net- 
work. By connecting the both networks, various services 
are realized. 

[0003] However, while the mobile communication ter- 
minal is accessing to the mobile communication network 
to get the service provided by the IP network over the 
mobile communication network, the mobile communica- 
tion terminal cannot switch the network to be accessed 
from the mobile communication network to LAN (Local 
Area Network) and continue the TCP/IP communica- 
tion. 

[0004] Conversely, when the mobile communication 
terminal moves, for example, from the first floor of the 
company to the outside of the building while accessing 
to the LAN, the data communication path established 
between the mobile communication terminal and a serv- 
er installed on the floor is disconnected. Accordingly, 
when the mobile communication terminal is in commu- 
nication to receive an electronic mail, for example, the 
mobile communication terminal loses the communica- 
tion data (for example, the electronic mail data). For this, 
the user (a subscriber or a person who operates the mo- 
bile communication terminal) has to dial once more (re- 
dial) to the mobile communication network to newly set 
a data communication channel via a base station, an 
exchanger, etc., and again communicate. 
[0005] Consequently, while the user is communicat- 
ing important data, the user is limited his/her movement 
in order to avoid disconnection of the packet session (re- 
ferred as a communication session, occasionally; here- 
inafter abbreviated as a session, occasionally) for trans- 
mitting/receiving IP packets (IP datagram) , which spoils 


portability of the mobile communication terminal. 
[0006] In the light of the above problem, an object of 
the present invention is to provide a server, a mobile 
communication terminal, a radio apparatus, a commu- 
nication method in a communication system, and a com- 
munication system, by which a mobile communication 
terminal can transfer between the mobile communica- 
tion network and the packet communication network 
with the mobile communication terminal continuing the 
communication. 

Disclosure of Invention 

[0007] 

(1 ) A server according to this invention disposed in 
a packet network to repeat a packet between a first 
terminal and a second terminal comprises a session 
managing unit storing a first address of the first ter- 
minal assigned to a first session representing a con- 
nection status between the server of its own and the 
terminal and a second address of the first terminal 
assigned to a second session representing a con- 
nection status between the server of its own and the 
first terminal, a receiving unit receiving a packet 
containing user data from the second terminal, a 
switching unit switching f rom the first session of a 
packet having the first address as a destination and 
containing the user data to the second session of a 
packet having the second address as the destina- 
tion and containing the user data on the basis of the 
addresses stored in the session managing unit, and 
a transmitting unit transmitting the packet using the 
second session switched by the switching unit. 

Accordingly, while carrying out a data commu- 
nication in a mobile communication network or a 
packet network, the user can freely move between 
different kinds of networks with the communication 
being continued. 

(2) A server according to this invention disposed in 
a packet network to repeat a packet between a first 
terminal and a second terminal comprises a session 
managing unit storing a first address of the first ter- 
minal assigned to a first session representing a con- 
nection status between the server of its own and the 
first terminal and a second address of the first ter- 
minal assigned to a second session representing a 
connection status between the server of its own and 
the first terminal, a receiving unit receiving a packet 
having the first address or the second address as a 
source address and containing user data from the 
first terminal in the first session or the second ses- 
sion, and a transmitting unit transmitting a packet 
containing the user data in the received packet and 
having an address of the server of its own as the 
source address to the second terminal in both the 
first session and the second session. 

Accordingly, the user can be handed over 
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seamlessly, that is, without hindrance. Additionally, 
it is possible to reduce the resources of the net- 
works, and decrease the connection charge. 

(3) The first address may be either an address as- 
signed by a mobile communication network or an 5 
address assigned by the IP network, and the sec- 
ond address may be the other address. Accordingly, 
data transmission/reception becomes possible 
without largely changing the existing installations. 

(4) The first session may be either a session in 10 
which the first terminal communicates with the IP 
network over a mobile communication network or a 
session in which the first terminal directly accesses 

to the IP network to communicate with the same, 
and the second session may be the other session. 15 
Accordingly, synchronous sessions are set so that 
simultaneous data communications become possi- 
ble. 

(5) The switching unit may monitor a quality of a ra- 
dio signal transmitted from the first terminal in the 20 
first session, and switch the first session or the sec- 
ond session on the basis of predetermined detec- 
tion. Accordingly, packets obtained from different 
sessions can be appropriately transmitted and re- 
ceived. 25 

(6) A mobile communication terminal according to 
this invention accessing to a mobile communication 
network connected to a packet network to be able 
to carry out a packet communication with a server 

in the packet network comprises an access obtain- so 
ing unit directly accessing to the packet network, not 
over the mobile communication network, to obtain 
an access for a packet communication, a control 
unit controlling the address obtaining unit to obtain 
an address when a predetermined operation is per- 35 
formed on the mobile communication terminal or it 
is detected that a direct access to the packet net- 
work becomes possible during the packet commu- 
nication with the server, and a switching unit switch- 
ing the packet communication with the server to a 40 
packet communication by a direct access to the 
packet network using the address obtained by the 
address obtaining unit. 

Accordingly, it is possible to dynamically switch 
the data transmission path with a movement of the 45 
portable terminal. Additionally, each of establish- 
ment of multiple sessions, a synchronization regis- 
tration and a data transmission session is regis- 
tered, exchanged and switched, whereby the net- 
work environments can be dynamically changed. so 

(7) A mobile communication terminal according to 
this invention directly accessing to a packet network 
connected to a mobile communication terminal, not 
over the mobile communication network, to be able 

to carry out a packet communication with a server 55 
in the packet network comprises an address obtain- 
ing unit directly accessing to the mobile communi- 
cation network to obtain an address for a packet 


communication, a control unit controlling the ad- 
dress obtaining unit to obtain an address when a 
predetermined operation is performed on the mo- 
bile communication terminal or it is detected that a 
direct access to the packet network becomes pos- 
sible during the packet communication with the 
server, and a switching unit switching the packet 
communication with the server to a packet commu- 
nication by a direct access to the mobile communi- 
cation network using the address obtained by the 
address obtaining unit. 

Accordingly, even when the mobile communi- 
cation terminal moves to a different kind of network 
during a data communication, seamless handover 
becomes possible so that the user can avoid a trou- 
ble. 

(8) The control unit may notify the server of the ob- 
tained address before the switching. Accordingly, 
each of the mobile terminals can multiplex a plural- 
ity of sessions. Further, the portable terminal can 
transmit and receive data such as a short message, 
for example. 

(9) The switching unit may switch according to an 
instruction from the server. Accordingly, synchro- 
nous sessions are set for data transmission/recep- 
tion, and concurrent data communication becomes 
possible. Additionally, the amount of investment in 
the packet network can be small. 

(1 0) The switching unit may stop to transmit a pack- 
et for the packet communication with the server ac- 
cording to a first instruction from the server, switch 
according to a second instruction after the first in- 
struction, and start to transmit a packet. According- 
ly, large capacity transmission becomes possible. 

(11) A radio apparatus according to this invention 
disposed in a packet network to carry out a radio 
communication with a mobile communication termi- 
nal comprises a measuring means measuring a re- 
ceive quality in the radio communication, and a 
transmitting unit transmitting a received packet from 
the mobile communication terminal, a measured re- 
ceive quality or deterioration information generated 
on the basis of the receive quality to a server in the 
packet network which is in communication with the 
mobile communication terminal. 

Accordingly, an address is dynamically given to 
the mobile communication terminal so that the mo- 
bile communication terminal can be appropriately 
managed. 

(12) A communication method in a communication 
system according to this invention comprising a 
server disposed in a packet network and a mobile 
communication terminal being able to access to 
both a mobile communication network connected to 
the packet network and the packet network, com- 
prises the steps of sending a packet to be transmit- 
ted when the mobile communication terminal car- 
ries out a packet communication with another ter- 
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minal via the server, and controlling a source ad- 
dress of the packet to the another terminal by the 
server so that the source address of the packet re- 
mains unchanged before and after a switching of 
the network to which the mobile communication ter- 5 
minal accesses. 

Accordingly, it is possible to improve the secre- 
cy of data between the portable terminal and a com- 
munication destination terminal, transmit and re- 
ceive a large capacity of data, and establish a plu- 10 
rality of different synchronous sessions coping with 
the communication. Additionally, it is possible to re- 
connect without re-dialing, so that the load of com- 
munication monitoring can be diminished. 

(13) The communication method in a communica- 15 
tion system according to this invention in claim 12 
further comprises the steps of notifying of an ad- 
dress to be used in a network to be switched to from 
the mobile communication terminal when the net- 
work to which the mobile communication terminal 20 
accesses is switched, and switching a destination 
address of a packet from the another terminal to the 
notified address by the server when the network to 
which the mobile communication terminal accesses 

is switched. 25 

Accordingly, when the user accesses to the IP 
network, it is possible to decrease the number of 
resources of repeating networks transferring IP 
packet data, and shorten the delay time of the pack- 
et data. 30 

(14) A communication method in a communication 
system according to this invention comprises a first 
session communication step at which a first termi- 
nal communicates with a first server in a packet net- 
work over a mobile communication network using a 35 
first session representing a connection status be- 
tween the first terminal and the first server, a syn- 
chronous communication step at which the first 
server starts a synchronous communication with a 
second server in the packet network, a synchroni- *o 
zation registration request transmission step at 
which the first terminal transmits a synchronization 
registration request using a packet communication 

set between the first terminal and the first server, a 
second session establishment step at which a sec- 
ond session representing a direct connection status 
between the first server having received the syn- 
chronization registration request and the first termi- 
nal is established, a handover step at which the first 
server having received the synchronization regis- so 
tration request hands over, a switching step at 
which the first terminal switches from the mobile 
communication network to the packet network, and 
a communication step at which the first terminal 
communicates with the second terminal over the 55 
switched packet network using the synchronous 
communication started at the switching step. 

Accordingly, two sessions are established be- 


tween the mobile communication terminal and the 
home agent in the packet network so that the ses- 
sion used to transmit and receive packets between 
the home agent and the mobile communication ter- 
minal is switched. 

(15) A communication system according to this in- 
vention comprises a packet network, a mobile com- 
munication network connected to the packet net- 
work, a server disposed in the packet network to 
repeat a packet between a first terminal and a sec- 
ond terminal; and the first terminal transmitting/re- 
ceiving a packet to/from the server directly or over 
the mobile communication network, the server com- 
prising a session managing unit storing a first ad- 
dress of the first terminal assigned to a first session 
representing a connection status between the serv- 
er of its own and the first terminal and a second ad- 
dress of the first terminal assigned to a second ses- 
sion representing a connection status between the 
server of its own and the first terminal, a receiving 
unit receiving a packet containing user data from 
the second terminal, a switching unit switching from 
the first session of a packet having the first address 
as the destination and containing the user data to 
the second session of a packet having the second 
address as a destination and containing the user 
data on the basis of the addresses stored in the ses- 
sion managing unit and a transmitting unit transmit- 
ting the packet in the second session switched by 
the switching unit, the mobile communication termi- 
nal comprising a transmitting/receiving unit trans- 
mitting/receiving a packet to/from the server in the 
packet network directly or over the mobile commu- 
nication network connected to the packet network, 
an address obtaining unit obtaining an address for 
a packet communication from the packet received 
by the transmitting/receiving unit, generating a 
packet having the obtained address and directly ac- 
cessing to the packet network, an address manag- 
ing unit storing the address for the packet commu- 
nication obtained by the address obtaining unit, a 
control unit controlling the address obtaining unit to 
obtain the address for the packet communication 
when detecting a predetermined operation or a sta- 
tus in which a direct access to the packet network 
becomes possible during the packet communica- 
tion with the server over the mobile communication 
network, and a switching unit switching from the 
packet communication with the server over the mo- 
bile communication network to a packet communi- 
cation by a direct access to the server when the con- 
trol unit detects, and inputting the address for a 
packet stored in the address managing unit to the 
address obtaining unit. 

Accordingly, it is possible to diminish the load 
on the server, effectively manage the network, and 
avoid the communication from being disconnected. 
Further, it is possible to initiate a number of users, 
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and multiplex sessions. 
Brief Description of Drawings 
[0008] 

FIG. 1 is a diagram showing a structure of a com- 
munication system according to a first embodiment 
of this invention; 

FIG. 2 is a diagram for illustrating handover be- 
tween different kinds of networks according to the 
first embodiment of this invention; 
FIG. 3 is a diagram for illustrating another handover 
between different kinds of networks according to the 
first embodiment of this invention; 
FIG. 4 is a schematic functional block diagram of a 
base station according to the first embodiment of 
this invention; 

FIG. 5 is a schematic functional diagram of an ac- 
cess server according to the first embodiment of this 
invention; 

FIG. 6 is a schematic functional diagram of a mobile 
communication terminal according to the first em- 
bodiment of this invention; 
FIG. 7 is a schematic block diagram of a radio hub 
according to the first embodiment of this invention; 
FIG. 8 is a schematic functional block diagram of a 
repeating server according to the first embodiment 
of this invention; 

FIG. 9 is a diagram showing an example of an IP 
address management table according to the first 
embodiment of this invention; 
FIG. 10 is a functional block diagram of a home 
agent according to the first embodiment of this in- 
vention; 

FIG. 11 is a diagram showing an example of a Syn- 
cML table according to the first embodiment of this 
invention; 

FIG. 12 is a diagram showing a sequence for illus- 
trating SyncML synchronization restration; 
FIG. 13 is a diagram showing a sequence for illus- 
trating SyncML communication; 
FIG. 14 is a diagram showing a sequence in which 
the mobile communication terminal 1 communi- 
cates with a communication destination terminal 
over an IP network; 

FIG. 15 is a diagram showing an example of a ses- 
sion management table according to the first em- 
bodiment of this invention; 
FIG. 16 is a diagram showing a sequence for illus- 
trating a switching process from a first session to a 
second session; 

FIG. 17 is a diagram showing a communication se- 
quence over a mobile communication network ac- 
cording to the first embodiment of this invention; 
FIG. 18 is a diagram showing a handover sequence 
from the mobile communication network to the IP 
network according to the first embodiment of this 


invention; 

FIGS. 19(a) and 19(b) are diagrams for illustrating 
an effect provided when this invention is applied; 
FIGS. 20(a) and 20(b) are diagrams for illustrating 
5 another effect provided when this invention is ap- 
plied; 

FIG. 21 is a schematic diagram showing a structure 
of an IP network according to a first modification of 
the first embodiment of this invention; 
10 FIG. 22 is a schematic diagram showing a structure 
of an IP network according to a second modification 
of the first embodiment of this invention; 
FIG. 23 is a diagram showing a structure of a com- 
munication system according to a second embodi- 
es ment of this invention. 

Best Mode for Carrying Out the Invention 

(A) Description of First Embodiment of the Invention 

20 

(A-1) Principle of the Invention 

[0009] FIG. 1 is a diagram showing a structure of a 
communication system 100 according to a first embod- 
25 iment of this invention. The communication system 1 00 
shown in FIG. 1 comprises a mobile communication net- 
work 300 and an IP packet network (hereinafter referred 
as an IP network 200, occasionally) connected to each 
other. 

30 [0010] The mobile communication network 300 is a 
network allowing accesses by radio in a wide range, 
such as a PDC (Personal Digital Cellular) system, a 
PHS (Personal Handy Phone System), a W-CDMA 
(Wideband-Code Division Multiple Access) system or 

35 the like. The mobile communication network 300 com- 
prises base stations 300a and 300d as being appara- 
tuses for radio communication, routing apparatuses 
300b and 300c, and access servers 310a and 310b as 
being apparatuses for IP address assignment and pro- 

40 tocol conversion. 

[0011] The IP network 200 is a communication net- 
work using Internet protocol, and is a network being able 
to transmit/receive data by means of TPC/IP (Transport 
Control Protocol/Internet Protocol). The IP network 200 

45 comprises, for example, IP packet networks (IP net- 
works) 200a and 200b which are private IP networks, 
and an IP network 400c which is a public IP network. 
[0012] The IP networks 200a and 200b comprise ra- 
dio hubs (radio hub apparatuses) 11 and 51 as being 

50 apparatuses carrying out local radio communication, re- 
peating servers 1 2 and 52 as being apparatuses assign- 
ing IP addresses and repeating IP packets, and home 
agent servers 1 (first server: hereinafter referred as a 
home agent, occasionally) and 41 (second server: here- 

55 inafter referred as a home agent, occasionally), respec- 
tively. Incidentally, all or a part of the IP networks 200a, 
200b and 400c can be shared. 
[0013] The home agents 1 and 41 are servers dis- 
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posed in the IP networks 200a and 200b, respectively, 
to repeat IP packets between a movable communication 
terminal 10 and a mobile communication terminal 50. 
[0014] Reference characters 10 and 50 denotes mo- 
bile communication terminals used in this communica- 
tion system 100, each of which can communicate with 
the mobile communication network 300. The mobile 
communication terminal 1 0 carries out a packet commu- 
nication (a communication using IP packets) via the 
home agent 1 and the radio hub 11 of the IP network 
200a or over a mobile communication network connect- 
ed to the IP network 200a. The mobile communication 
terminal 10 comprises a main body unit 10a having an 
accessing function to the mobile communication net- 
work 300 and a radio adapter 1 0b for connecting by ra- 
dio to the radio hubs 11 and 51. 
[0015] Whereby, each of the mobile communication 
terminals 10 and 50 can communicate with the mobile 
communication terminal 50 or 10 by both an access to 
the IP network 200 over the mobile communication net- 
work 300 and a direct access to the IP network 200. 
Each of the mobile communication terminals 10 and 50 
can access to the IP network 200 while accessing to the 
mobile communication network 300. Conversely, each 
of the mobile communication terminals 10 and 50 can 
access to the mobile communication network 300 while 
accessing to the IP network 200. Additionally, a TCP/IP 
communication between the mobile communication ter- 
minals 10 and 50 is via led eitherthe home agent 1 or 41 . 
[0016] Meanwhile, a party with which the mobile com- 
munication terminal 1 0 communicates may be a person- 
al computer or the like connected to the IP network 200b 
in lieu of the mobile communication terminal (hereinafter 
referred as a communication destination terminal, occa- 
sionally) 50. 

[0017] Hereinafter, description will be made of a com- 
munication method between the mobile communication 
terminals 10 and 50 using the communication system 
100. 

[001 8] FIG. 2 is a diagram for illustrating handover be- 
tween different types of networks (from the mobile com- 
munication network 300 to the IP network 200a) accord- 
ing to the first embodiment of this invention, where a 
session Q1 , a session Q3 and a handover process Q2 
for shifting from the session Q1 to the session Q3 are 
shown. 

[0019] The session Q1 is a session in which the mo- 
bile communication terminal 10 communicates with the 
home agent 1 (the IP network 200a) over the mobile 
communication network 300. In the session Q1 , the mo- 
bile communication terminal 1 0 first accesses to the mo- 
bile communication network 300. The mobile communi- 
cation terminal 10 establishes a session with the mobile 
communication network 300 to transmit/receive IP 
packets for the mobile communication network (herein- 
after referred as packets for mobile communication net- 
work, occasionally). The mobile communication net- 
work 300 transmits/receives IP packets to/from the 


home agent 1 of the IP network 200a. The home agent 
1 communicates with the home agent 41 using SyncML 
protocol. The home agent 41 transmits/receives IP 
packets to/from the radio hub 51 (refer to FIG. 1) dis- 

5 posed in the IP network 200b. The radio hub 51 com- 
municates with the mobile communication terminal 50 
using a short distance radio communication protocol 
(Bluetooth protocol). Details of these protocols will be 
described later. 

10 [0020] The session Q3 is a session in which the mo- 
bile communication terminal 10 directly accesses to the 
IP network 200a to communicate with the home agent 
1. In this case, the mobile communication terminal 10 
first accesses to the IP network 200a. The mobile com- 

15 munication terminal 10 communicates with the radio 
hub 11 (refer to FIG. 1) using Bluetooth protocol. The 
radio hub 11 transmits/receives IP packets to/from the 
home agent 1. The mobile communication terminal 10 
communicates with the communication destination ter- 

20 minal 50, over a SyncML communication between the 
home agents 1 and 41, a packet communication be- 
tween the home agents 41 and the IP network 200b and 
a Bluetooth communication between the IP network 
200b and the mobile communication terminal 50. 

25 [0021] In the handover process Q2, the mobile com- 
munication terminal 10 in communication in the session 
Q1 accesses to the IP network 200a to be given an IP 
address IP'a, whereby the mobile communication termi- 
nal 1 0 gets into a status (Q2a) in which the TCP/IP com- 

30 munication is possible. The mobile communication ter- 
minal 10 establishes a session with the home agent 1 
directly from the IP network, and transmits a synchroni- 
zation registration request message (referred also as a 
synchronization registration request signal or a synchro- 

35 nization registration request) to the home agent 1 using 
an IP packet in order to assign this session for handover 
(Q2b) . 

[0022] In FIG. 2, IPsa and the like in parentheses of 
the synchronization registration request message (mes- 

40 sage Q2b) show elements of the IP packet. "IPsa" and 
"IP'a" before ";" are a header, showing the destination 
and the source of the IP packets in this order. "SNa," 
"IPsb," "SNb" and "IP" after ";" are contents contained 
in the data part (this notation being common to descrip- 

45 tions in parentheses in other drawings). 

[0023] "IPsa" in the IP header is an IP address of the 
home agent 1. "IP'a" is an IP address assigned to the 
mobile communication terminal 10 for the session Q3. 
The IP address "IPsa" is identified by the IP networks 

50 200a and 200b, and other IP networks. The IP address 
"IP'a" is identified by only the IP network 200a. 
[0024] "SNa, " "IPsb, " "SNb" and "IP" in the data part 
represent terminal identification information on the mo- 
bile communication terminal 10, an IP address of the 

55 home agent 41 to which the communication destination 
terminal 50 registers synchronization, terminal identifi- 
cation information on the mobile communication termi- 
nal 50 and a session type, respectively. The session 
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type is classified into "IP" and "mobile." "IP" represents 
that the mobile communication terminal 10 is directly 
connected to the IP network 200a (the home agent 1). 
"Mobile" represents that the mobile communication ter- 
minal 10 is connected to the home agent 1 over the mo- 
bile communication network 300. Incidentally, the termi- 
nal identification information "SNa" and "SNb" is before- 
hand stored in the home agents 1 and 41, and managed 
by the same. 

[0025] When receiving the synchronization registra- 
tion request message, the home agent 1 authenticates 
whether or not "SNa" contained in the message coin- 
cides with identification information stored therein 
(Q2c). When it is determined through the authentication 
that the mobile communication terminal 10 is a terminal 
qualified to get the service, a session for handover is 
established between the mobile communication termi- 
nal 10 and the home agent 1 (Q2d), the home agent 1 
carries out a handover process (Q2f), and the network 
to which the mobile communication terminal 10 access- 
es is switched from the mobile communication network 
300 to the IP network 200a in the mobile communication 
terminal 10(Q2e). 

[0026] More details of the processes Q2f and Q2e are 
as follows. In the process Q2f, the home agent 1 notifies 
a start of the handover process as a start message to 
the mobile communication terminal 10 over the IP net- 
work 200a or the mobile communication network 300, 
and notifies an end of the handover process as an end 
message to the mobile communication terminal 10 over 
the IP network 200a or the mobile communication net- 
work 300, as well. 

[0027] When receiving the start message, the mobile 
communication terminal 10 stops the packet communi- 
cation with the mobile communication terminal 50 over 
the mobile communication network 300, and prepares 
to switch it to the packet communication over the IP net- 
work 200a. When the mobile communication terminal 
10 recognizes that preparation of the handover is com- 
pleted in the home agent 1 by receiving the end mes- 
sage, the mobile communication terminal 10 resumes 
packet transmission, which has been stopped, to the IP 
network 200a, whereby the switching is carried out. 
[0028] As above, two sessions are established be- 
tween the mobile communication terminal 10 and the 
home agent 1 in the IP network 200a, and the session 
for transmitting/receiving packets between the home 
agent 1 and the mobile communication terminal 10 is 
switched. 

[0029] On the other hand, in handover between dif- 
ferent types of networks, from the IP network 200a to 
the mobile communication network 300, there are car- 
ried out a session Q3, a handover process Q4, and a 
session Q1, as shown in FIG. 3. 
[0030] In the handover process Q4, the mobile com- 
munication terminal 10 is connected by dialing up to the 
mobile communication network 300 using PPP (Point to 
Point Protocol) (Q4a), and is assigned an IP address 


"IP"a" by the access server 310a. The mobile commu- 
nication terminal 10 transmits a synchronization regis- 
tration request message containing "IP"a" to the home 
agent 1 . After the home agent 1 authenticates the syn- 

5 chronization registration request message (Q4c), the 
second session in which the mobile communication net- 
work 300 to be accessed is established (Q4d), and a 
handover process (Q4f) in the home agent 1 and an ac- 
cess switching from the mobile communication network 

10 300 to the IP network 200a in the mobile communication 
terminal 10 (Q4e) are carried out. 
[0031] As above, the mobile communication terminal 
10 can switch between two sessions with the home 
agent 1 at need. 

15 [0032] The home agents 41 and 1, and the mobile 
communication terminals 50 and 10 may be connected 
over wires in spite of by radio. This method will be de- 
scribed later in a first modification of the first embodi- 
ment. 

20 

(A-2) Detailed Structure of the Communication System 
of the Invention 

[0033] Next, detailed description will be made of the 
25 mobile communication network 300, the mobile commu- 
nication terminals 10 and 50, and the IP networks 200a, 
200b and 400c for use to realize a communication meth- 
od in the above communication system. 

30 (1 ) Mobile Communication Network 300 

[0034] The mobile communication network 300 
shown in FIG. 1 is connected to the IP networks 200a 
and 200b, and other subscriber fixed telephone network 
35 (not shown). The mobile communication network 300 
comprises the base stations (BS) 300a and 300d, the 
exchangers (EX) 300b and 300c, and the access serv- 
ers 310a and 310b. 

[0035] The mobile communication network 300 may 
^0 be provided with a plurality of base stations. In which 
case, the mobile communication network 300 is 
equipped with a base station control apparatus or the 
like for controlling assignment of channels to the plural 
base stations or anything. 

45 

(1-1) Base Stations 300a and 300d, and Exchangers 
300b and 300c 

[0036] The base station 300a receives a radio signal 
50 [radio data: hereinafter referred as an RF (Radio Fre- 
quency) signal, occasionally] transmitted from the mo- 
bile communication terminal 10, demodulates the radio 
signal and transmits the demodulated data to the ex- 
changer 300b, while modulating data transmitted from 
55 the exchanger 300b and transmitting an RF signal to the 
mobile communication terminal 10. The base station 
300d is similar in function to the base station 300a, 
which transmits/receives data to/from the mobile com- 
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munication terminal 50 and the exchanger 300c. 
[0037] Each of the exchangers 300b and 300c is used 
as an apparatus having a function of routing IP packets 
for mobile communication network (hereinafter referred 
as packets for mobile communication network, occa- 
sionally) from the base stations 300a and 300d or other 
exchanger (not shown). Incidentally, "routing" signifies 
transferring of an IP packet to the most suitable router, 
server or the like according to the destination of the IP 
packet, which mainly stands for processing in the net- 
work layer. These exchangers 300b and 300c may be 
replaced with routers when the mobile communication 
network 300 additonally has the TCP/IP communication 
function. 

[0038] FIG. 4 is a schematic functional block diagram 
of the base station 300a according to the first embodi- 
ment of this invention. The base station 300a shown in 
FIG. 4 comprises a mobile communication antenna unit 
301 e, a mobile communication radio unit 301 f and a 
control unit 301a. 

[0039] The mobile communication antenna unit 301e 
is an antenna for transmitting/receiving RF signals. The 
mobile communication radio unit 301 f carries out a 
transmitting/receiving process such as modulation/de- 
modulation and the like of RF signals, including an RF 
circuit (not shown). The control unit 301 a controls or an- 
ything a unit disposed in the base station 300 to convert 
the data format between the exchanger 300b and the 
mobile communication radio unit 301 f. 
[0040] The base station 300d is similar in structure to 
the base station 300a. 

(1-2) Access Servers 310a and 310b 

[0041] The access server 310a converts a packet for 
mobile communication network transmitted in the mo- 
bile communication network 300 into an IP packet which 
can be transmitted in the IP network 200a, and transmits 
the IP packet to the IP network 200a, while converting 
an IP packet from the IP network 200a into a packet for 
mobile communication network and transmitting the 
packet to the exchanger 300b. Namely, the access serv- 
er 310a has a function of converting the protocol from 
one to another between the mobile communication net- 
work 300 and the IP network 200a. Further, the access 
server 310a has a function of assigning an IP address 
to the mobile communication terminal 1 0 when receiving 
an IP address assignment request message from the 
mobile communication terminal 10, and transmitting the 
assigned IP address to the mobile communication ter- 
minal 10. 

[0042] FIG. 5 is a schematic functional block diagram 
of the access server 310a according to the first embod- 
iment of this invention. The access server 310a shown 
in FIG. 5 comprises a data converting unit 310c, a PPP 
connecting process unit (PPP connecting unit) 31 Od, a 
TCP/IP processing unit 31 Oe, an operating system 301 c 
and a CPU (Central Processing Unit) 301 d. Incidentally, 


like reference characters in FIG. 5 designate like or cor- 
responding part or like or corresponding functions, de- 
tailed descriptions of which are thus omitted. 
[0043] The TCP/IP processing unit 31 Oe carries out a 
5 TCP/IP process on an IP packet. The PPP connecting 
process unit 31 Od assigns an IP address to the mobile 
communication terminal 10 according to PPP by which 
the mobile communication terminal 10 is dial-up-con- 
nected. The data converting unit 310c converts an IP 
10 packet for mobile communication network outputted 
from the exchanger 300b into the TCP/IP format. The 
converted IP packet is transmitted from the TCP/IP 
processing unit 31 Oe to the IP network 200a. On the oth- 
er hand, an IP packet received by the TCP/IP process- 
es ing unit 31 Oe is converted into a packet for mobile com- 
munication network by the data converting unit 310c, 
and outputted to the exchanger 300b. 
[0044] Accordingly, the communication system 100 
can fuse the mobile communication network 300 and the 
20 |p network 200a to enable data communication with 
each other. The access server 310b is similar in struc- 
ture to the access server 310a. 
[0045] Whereby, a user A (a person who operates the 
mobile communication terminal 10) can access to the 
25 access server 310a via the base station 300a to com- 
municate with the home agent 1 . The user A can access 
to the access server 310b and another access server 
(not shown) via the access server 31 0a. A user B (a per- 
son who operates the mobile communication terminal 
30 50) can be connected to a desired IP network via the 
access server 310b. 

[0046] As above, the user A and the user B can carry 
out data communication via the access servers 310a 
and 310b, respectively. 

35 

(2) Mobile Communication Terminals 10 and 50 

[0047] An example of the mobile communication ter- 
minals 10 and 50 shown in FIG. 1 is a cellular phone 
40 which can access to the mobile communication network 
300 and the IP network 200a to communicate, which 
comprises a cellular phone function unit 1 0a and a radio 
adapter 10b. 

[0048] FIG. 6 is a schematic function block diagram 
45 of the mobile communication terminal 10 according to 
the first embodiment of this invention. The mobile com- 
munication terminal 1 0 shown in FIG. 6 comprises a fifth 
transmitting/receiving unit 14, a radio adapter 10b, and 
a terminal application processing unit 10c. The fifth 
50 transmitting/receiving unit 14 and the terminal applica- 
tion processing unit 10c correspond to the cellular 
phone function unit 10a shown in FIG. 1. 
[0049] The radio adapter 10b and the fifth transmit- 
ting/receiving unit 14 to be described later cooperate 
55 with each other to function as the transmitting/receiving 
units 10b or 14 which transmits and receives a packet 
to/from the home agent 1 in the IP network 200a, directly 
or over the mobile communication network 300. 
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(2-1) Fifth Transmitting/Receiving Unit 14 

[0050] The fifth transmitting/receiving unit 14 has a 
function of accessing to the mobile communication net- 
work 300 to carry out data communication such as voice 5 
communication, packet communication and the like, for 
example. The fifth transmitting/receiving unit 14 com- 
prises a mobile communication antenna unit 10f which 
transmits/receives an RF signal to/from the base station 
300a, and a mobile communication radio unit 10g which io 
carries out a transmitting/receiving process on an RF 
signal inputted/outputted from/to the mobile communi- 
cation antenna unit 10f. 

(2-2) Radio Adapter 10b « 

[0051] The radio adapter unit 10b functions as a Blue- 
tooth protocol processing unit for establishing a commu- 
nication with a radio hub 11 in order to access to the IP 
network 200a. 20 
[0052] The Bluetooth protocol is a short distance radio 
communication protocol, which enables a short distance 
communication within a range from about 10m (meters) 
to 1 00m. According to the protocol, a net called a piconet 
having one master machine and seven slave machines 25 
is configured. Namely, the radio hub 11 (refer to FIG. 1) 
functions as the master machine, while the radio adapt- 
er 10b functions as the slave machine. 
[0053] The radio hub 11 can simultaneously transmit/ 
receive data to/from a maximum of seven radio adapters 
10b by time division multiplex access. Accordingly, the 
radio hub 11 can carry out a one-to-many communica- 
tion in the IP network 200a. 

[0054] The relation between the master machine and 
the slave machine may be converted. Namely, the radio 
adapter 10b may function as the master machine, 
whereas the radio hub 11 and radio adapters (not 
shown) of other mobile communication terminals may 
function as the slave machines. 
[0055] The radio adapter 1 0b comprises, for example, 
a Bluetooth antenna unit 10i, a Bluetooth radio unit 10h 
and a Bluetooth processing unit (a short distance radio 
communication protocol processing unit) 10j. The Blue- 
tooth antenna unit 10i is an antenna for transmitting/re- 
ceiving an RF signal using Bluetooth protocol, which 
transmits an RF signal to the radio hub 11 and receives 
an RF signal from the radio hub 11 . The Bluetooth radio 
unit 1 0h has a function for a receiving process on an RF 
signal received by the Bluetooth antenna unit 10i, and 
a function of converting a signal from the Bluetooth 
processing unit 10h into an RF signal and inputting the 
RF signal into the Bluetooth antenna unit 10i. The Blue- 
tooth radio unit 10h includes an RF circuit. Whereby, an 
RF signal is transmitted and received using Bluetooth 
protocol between the mobile communication terminal 10 
and the radio hub 11. 

[0056] The Bluetooth processing unit 10] has a func- 
tion of controlling the Bluetooth radio unit 10h to trans- 


mit/receive a control signal to/from the radio hub 11 , and 
establishing a session according to the Bluetooth pro- 
tocol with the radio hub 11. The Bluetooth processing 
unit 10j also has a function of, after the session is es- 
tablished, converting an IP packet from the terminal ap- 
plication processing unit 10c into data in a format ac- 
cording to the Bluetooth protocol, inputting the data into 
the Bluetooth radio unit 10h, while converting data from 
the Bluetooth radio unit 10h into IP packet data and in- 
putting the data into the terminal application processing 
unit 10c. Each of these functions is accomplished by a 
CPU, a ROM (Read Only Memory) or a RAM, etc. of the 
portable terminal 10a. 

[0057] The radio adapter 10b may be provided inside 
a casing of the mobile communication terminal 10. The 
functions of the radio adapter 10 may be integrated into 
the portable terminal 10a, or may be connected to the 
portable terminal 10a with a cable and a connecter (not 
shown) to be detachable from the mobile communica- 
tion terminal 10a. 

[0058] The mobile communication terminal 50 is sim- 
ilar in structure to the mobile communication terminal 10 
shown in FIG. 6, further description of which is thus omit- 
ted. 

(2-3) Terminal Application Processing Unit 10c 

[0059] The terminal application processing unit 10c 
comprises a packet communication encryption process- 
ing unit 4a, a decryption processing unit 4n, a TCP/IP 
processing unit (an address obtaining unit) 4f, a hando- 
ver processing unit 4b, an agent authentication process- 
ing unit 4d, an agent synchronization processing unit (a 
control unit) 4e, an agent information unit 4c, an IP ad- 
dress managing unit (an address managing unit) 4g and 
a mobile communication connection processing unit 4h. 
[0060] Next, description will be made of these 
processing units. 

[0061] The encryption processing unit 4a encrypts da- 
ta to be transmitted to a communication destination ter- 
minal (the mobile communication terminal) 50, a cellular 
phone, the home agent 41 , a server, or the like) with key 
data, and outputs the data. The key data is "a common 
key" that is beforehand exchanged between the mobile 
communication terminals 10 and 50. The encryption 
processing unit 4a encrypts data to be transmitted to the 
communication destination terminal with the key data in 
a general encryption algorithm such as 3DES (Data En- 
cryption Standard) , RC4 (Rivest Code #4) or the like. 
3DES and RC4 are encryption algorithms called a sym- 
metric system where an encrypting key and a decrypting 
key are identical, but the lengths of the encrypting keys 
are different. 

[0062] The decryption processing unit 4n decrypts the 
received data with a common key, and outputs the de- 
crypted data. 

[0063] Use of the encryption processing unit 4a and 
the decryption processing unit 4n improves secrecy of 


35 
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data between the portable terminal 10a and the com- 
munication destination. 

[0064] Next, description will be made of the handover 
processing unit 4b. 

[0065] The handover processing unit 4b has a func- 
tion of establishing two or more sessions in which user 
data can be transmitted and received (hereinafter re- 
ferred as session processing establishing or multiple 
sessions establishing, occasionally) , and a function of 
switching sessions for user data transmission/recep- 
tion. 

[0066] First, the former multiple sessions establishing 
function will be described. 

[0067] When the mobile communication terminal 10 
accesses to either the mobile communication network 
300 or the IP network 200a and transmits/receives user 
data to/from a terminal belonging to the IP network 200b 
via the home agent 1 , the hand over processing unit 4b 
accesses to the other network according to an operation 
of an operating unit (not shown) of the mobile commu- 
nication terminal 10 by the user, or preferably when de- 
tecting deterioration of the quality of a received signal 
(for example, a receiving level, presence/absence of re- 
ception, or something) from the base station 300a or the 
radio hub 11 , and controls the IP address managing unit 
4g to obtain a new IP address. The handover processing 
unit 4b establishes a new session using the new IP ad- 
dress with the home agent 1 . The handover processing 
unit 4b controls the agent synchronization processing 
unit 4e to register this session with the home agent 1, 
thereby establishing multiple sessions. This function is 
a multiple sessions establishing function. 
[0068] The above deterioration of the quality of the re- 
ceived signal is detected, for example, when the receiv- 
ing level drops below a level beforehand set, or when 
the SN ratio drops below a value beforehand set (L2), 
or when the error rate drops below a level beforehand 
set, each of which hinders the communication. 
[0069] The latter session switching function is a func- 
tion of switching to a session to be used in order to trans- 
mit/receive user data. Namely, this is a function of 
switching a session having been used for transmission 
and reception of packets to a session newly added by 
the multiple session establishing function. The mobile 
communication terminal 10 can use any one of two or 
more different sessions established by this function. 
[0070] When the session is switched, the handover 
processing unit 4b reads out an IP address to be used 
in the new session from the IP address managing unit 
4g to be described later, and notifies the TCP/IP 
processing unit 4f of it. Whereby, the mobile communi- 
cation terminal 10 can communicate in a switched ses- 
sion. 

[0071] Next, description will be made of the agent au- 
thentication processing unit 4d. 
[0072] The agent authentication processing unit 4d 
has a function of carrying out an authenticating process 
with the home agent 1 using an encryption algorithm. 


This authenticating process is a process of determining 
whether or not the mobile communication terminal 10 is 
a terminal which is qualified to get the service provided 
by the home agent 1 . This authenticating procedure is 

5 beforehand determined between the mobile communi- 
cation terminal 10 and the home agent 1, and the agent 
authentication processing unit 4d executes the authen- 
ticating procedure. In this authentication, hash algorithm 
corresponding to MD5 is used, for example. 

10 [0073] Next, description will be made of the agent syn- 
chronization processing unit 4e. 
[0074] The agent synchronization processing unit 4e 
has a synchronization registering function. This syn- 
chronization registering function is a function of notifying 

15 the home agent 1 managing the mobile communication 
terminal 10, from the mobile communication terminal 10 
itself (hereinafter referred as own terminal, occasional- 
ly), of terminal identification information "SNa" on own 
terminal, terminal identification information "SNb" on a 

20 communication destination terminal (here, the mobile 
communication terminal 50), an IP address "IPsb" of the 
home agent 41 managing the communication destina- 
tion terminal 50, and a type of the session "IP" or "mo- 
bile" (hereinafter an IP packet used for this notification 

25 being referred as a synchronization registration request 
message, occasionally). 

[0075] The agent synchronization processing unit 4e 
also has a function of adding, deleting or anything the 
synchronization registration other than the synchroniza- 

30 tion registration request. Whereby, the load of monitor- 
ing the communication on the home agent 1 is de- 
creased. A sequence carried out by the agent synchro- 
nization processing unit 4e will be described later with 
reference to FIGS. 14 through 18. 

35 [0076] Next, description will be made of the agent in- 
formation unit 4c. 

[0077] The agent information unit 4c has a function of 
controlling the radio adapter 10b or the fifth transmitting/ 
receiving unit 14 when the mobile communication ter- 

40 minal 10 starts to communicate with another mobile 
communication terminal 50 to transmit the IP address 
"IPsa" of the home agent 1 and the terminal identifica- 
tion information "SNa" on the mobile communication ter- 
minal 10 to the mobile communication terminal 50 over 

45 the mobile communication network 300 or the IP net- 
work 200a. Additionally, the agent information unit 4c 
has a function of receiving the IP address "IPsb" of the 
home agent 41 and the terminal identification informa- 
tion "SNb" for identifying the mobile communication ter- 

50 minal 50 in the IP network 200b transmitted from the 
agent information unit 4c of the communication destina- 
tion terminal 50, and storing them. 
[0078] When the agent information unit 4c transmits 
"IPsa" and "SNa" over the mobile communication net- 

55 work 300, it is possible to transmit them to the destina- 
tion communication terminal 50 by a short message 
(SMS: Short Message Service). 
[0079] "IPsb" and "SNb" contained in the above syn- 
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chronization registration notification message received 
by the agent information unit 4c may be stored, and read 
out to be used. 

[0080] The agent authentication processing unit 4d, 
the agent synchronization processing unit 4e and the 
agent information unit 4c cooperate with each other to 
function as a data agent processing unit which commu- 
nicates with both the mobile communication network 
300 and the destination communication terminal 50 syn- 
chronized by the message. These functions are accom- 
plished by that an IC (Integrated Circuit) or a CPU, a 
RAM, a ROM, etc. cooperate with each other. 
[0081] Next, description will be made of the IP ad- 
dress managing unit 4g. 

[0082] The IP address managing unit 4g generates an 
IP address assignment request message (an IP address 
assignment request signal) for requesting the repeating 
server 12 to assign an IP address, and an IP address 
assignment request message for requesting the access 
server 310a to assign an IP address. The IP address 
managing unit 4g controls the radio adapter 1 0b and the 
mobile communication connection processing unit 4h to 
transmit these IP address assignment request messag- 
es to the radio hub 11 and the base station 300a. 
[0083] When receiving an IP address assigned by the 
repeating server 12 or the access server 310a, the IP 
address managing unit 4g stores the IP address. When 
the mobile communication terminal 1 0 carried out an IP- 
communication over the mobile communication network 
300 or by directly accessing to the IP network 200a, the 
stored IP address is used. 

[0084] Next, description will be made of the mobile 
communication connection processing unit4h. The mo- 
bile communication connection processing unit4h con- 
trols the fifth transmitting/receiving unit 14 (refer to 2-1 ) 
to transmit/receive an RF signal with the base station 
310a disposed in the mobile communication network 
300, thereby communicating with the destination com- 
munication terminal 50 over the base station 300a or a 
terminal in another network connected to the mobile 
communication network 300. 

[0085] The TCP/IP processing unit 4f obtains an ad- 
dress assigned to its own terminal for packet communi- 
cation from a packet received by the transmitting/receiv- 
ing unit (10b, 14), generates a packet having the ob- 
tained address as a transmission address, and directly 
accesses to the IP network 200a (or the mobile commu- 
nication network 300). In concrete, the TCP/IP process- 
ing unit 4f carries out a TCP/IP process to transmit/re- 
ceive an IP packet, which generates an IP packet, and 
captures an IP packet addressed to its own terminal. 

(3) IP Networks 200a and 200b 

[0086] Each of the IP networks 200a and 200b (refer 
to FIG. 1) is an IP network using a radio LAN, where a 
plurality of local networks of enterprise, school, local 
government and the like are connected. These IP net- 


works 200a and 200b are connected to the IP network 
400c, each of which comprises the radio hub 11 or 51, 
the repeating server 12, the agent server 1, and the 
gateway server (GW) 13 or 53. 

5 

(3-1) Radio Hubs 11 and 51 

[0087] Each of the radio hubs 11 and 51 locally trans- 
mits/receives data by radio to/from the mobile commu- 

10 nication terminal 10 or 50, while transmitting/receiving 
an IP packet to/from the repeating server 12 or 52. In- 
cidentally, the hub function is that one port (a physical 
port) outputs a received frame to another port, standing 
for transmission/reception of packets mainly in layer 2 

15 or below. 

[0088] FIG. 7 is a schematic block diagram of the ra- 
dio hub 11 according to the first embodiment of this in- 
vention. The radio hub 11 shown in FIG. 7 comprises a 
radio receiving unit 11a, a radio transmitting unit 11b, a 

20 data processing unit 11c, a communication monitoring 
unit 11d, a packet transmitting unit 11e and a packet re- 
ceiving unit 11g. The radio receiving unit 11a receives 
an RF signal from the mobile communication terminal 
10. The radio transmitting unit 11b transmits data from 

25 the home agent 1 to the mobile communication terminal 
10. The data processing unit 11c processes an RF sig- 
nal and data from the home agent 1 . The communication 
monitoring unit 11d monitors the receiving quality of or 
the deterioration information on the RF signal. The pack- 

30 et transmitting unit 11 e transmits data from the data 
processing unit 11c to the home agent 1 , which compris- 
es a quality information transmitting unit 11f which trans- 
mits the receiving quality or the deterioration information 
to the home agent 1 of the packet network 200a in com- 

35 munication with the mobile communication terminal 10. 
[0089] Whereby, Bluetooth data of the mobile com- 
munication terminal 10 is demodulated by the radio re- 
ceiving unit 11a, and the demodulated data is processed 
by the data processing unit 11c, while the receiving qual- 

40 ity and the deterioration information are monitored by 
the communication monitoring unit 11d The receiving 
quality or the deterioration information and the proc- 
essed data are converted into IP packets having an IP 
address by the packet transmitting unit 11 e and trans- 

45 mitted to the home agent 1 . 

[0090] On the other hand, the packet receiving unit 
11g extracts an IP address of an IP packet from the 
home agent 1. The data processing unit 11c retrieves 
terminal identification information SNa corresponding to 

50 the extracted IP address. The packet data is transmitted 
to the mobile communication terminal 1 0 through the ra- 
dio transmitting unit 11b. 

[0091] The radio hub 51 is similar to the radio hub 11 , 
repetitive description of which is omitted here. 

55 

(3-2) Repeating Servers 12 and 52 

[0092] Each of the repeating server 12 and 52 has a 
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function of repeating an IP packet between the radio hub 

11 or 51 and the home agent 1 or 41, a function of as- 
signing an IP address to the mobile communication ter- 
minal 1 0 or 50, and a function of responding to an inquiry 
for an IP address from the home agent 41 or the like. 
[0093] First, the repeating function will be described. 
This repeating function is a function of controlling the 
transmitting/receiving unit 12a not to discard an IP pack- 
et when the IP packet received by the repeating server 

12 or 52 is not addressed to the own repeating server 
12 or 52 (hereinafter referred as own server, occasion- 
ally) but to transfer the IP packet to another LAN differing 
from a LAN from which the IP packet has been inputted. 
Owing to this function, each of the repeating servers 12 
and 52 repeats an IP packet transmitted between the 
home agent 1 or 41 and the radio hub 11 or 51. 
[0094] FIG. 8 is a schematic functional block diagram 
of the repeating server 12 according to the first embod- 
iment of this invention. The repeating server shown in 
FIG. 8 comprises a transmitting/receiving unit 12a, a 
TCP/IP processing unit 12b, a repeating server applica- 
tion processing unit 1 2c and an IP address management 
table 12d, Incidentally, the repeating server 52 is similar 
in structure to the repeating server 12 shown in FIG. 8. 
[0095] The transmitting/receiving unit 12a transmits/ 
receives an IP packet, which has a port connected to a 
LAN connected to the radio hub 11 or 51, and a port 
connected to a LAN connected to the home agent 1 . The 
transmitting/receiving unit 12a has a function of input- 
ting an IP packet from a LAN cable to the TCP/IP 
processing 1 2b, while transmitting an IP packet from the 
TCP/IP processing unit 12b to the radio hub 11 or 51, 
or the home agent 1 or 41 through the LAN cable. 
[0096] The TCP/IP processing unit 12b determines 
whether or not an I P packet from the transmitting/receiv- 
ing unit 12a is addressed to its own server. When the IP 
packet is addressed to its own server, the TCP/IP 
processing unit 1 2b obtains the data, and inputs it to the 
repeating server application processing unit 12c. The 
TCP/IP processing unit 12b converts data from the re- 
peating server application processing unit 12c into the 
IP packet format. The generated IP packet is transmitted 
to any LAN according to its destination address by the 
transmitting/receiving unit 12a. 

[0097] When the IP packet from the transmitting/re- 
ceiving unit 12a is not addressed to its own server, the 
TCP/IP processing unit 12b outputs the IP packet to the 
transmitting/receiving unit 12a so as to transmit the IP 
packet to a LAN differing from the LAN from which the 
IP packet has been inputted. 

[0098] Next, description will be made of the function 
of assigning an IP address to the mobile communication 
terminal 10 or 50. 

[0099] When the transmitting/receiving unit 12a re- 
ceives an IP packet addressed to its own server (a tem- 
porary address being used as a source IP address), 
which is an IP address assignment request, the repeat- 
ing server application processing unit 12c shown in FIG. 


8 refers to the IP address management table 12d to as- 
sign an IP address to the terminal identification informa- 
tion MACa (for example, an MAC address). The repeat- 
ing server application processing unit 1 2c thus functions 

5 as an assigning unit. Incidentally, it is possible to use an 
address in a higher layer instead of the terminal identi- 
fication information MACa. 

[0100] The IP address management table 12d relates 
an IP address to the order in which the IP address has 
10 been assigned for the terminal identification information 
SNa, and retains (stores) them. The IP address man- 
agement table 12d is realized with a RAM (Random Ac- 
cess Memory), for example. 

[0101] FIG. 9 is a diagram showing an example of the 
15 IP address management table 12d according to the first 
embodiment of this invention. "Number" shown in FIG. 

9 is an identification number (N representing a natural 
number) given to the order of the IP address assigned 
to the mobile communication terminal 10 having the ter- 

20 minal identification information SNa by the repeating 
server 12. "IP address" is the assigned IP address. 
These numbers and IP addresses are managed for 
each piece of the terminal identification information 
MACa, MACb and MACc. 

25 [0102] The repeating server 12 updates the informa- 
tion in the IP address management table 12d each time 
an IP address is assigned, and can cancel the assign- 
ment of the IP address. By the IP address assignment 
canceling function, contents of the IP address manage- 

30 ment table 12d are updated, as well. 

[0103] The repeating server 12 can give a plurality of 
IP addresses to one SNa in response to a request from 
the mobile communication terminal 1 0, and appropriate- 
ly manage them. 

35 [0104] Meanwhile, the above responding function is 
realized with the IP address management table 12d like 
the canceling function. 

(3-3) Gateway Servers 13 and 53 (refer to FIG. 1) 

40 

[0105] Each of the gateway servers 13 and 53 is pro- 
vided on, for example, a boundary between the IP net- 
work 200a or 200b and the mobile communication net- 
work 300, and has a function of allowing a specific IP 

45 packet having a specific IP address to pass between dif- 
ferent types of networks (between the IP network and 
the mobile communication network). Whereby, the load 
on the home agents 1 and 41 can be decreased and the 
network can be effectively managed. The gateway serv- 

50 er 1 3 may be provided in the mobile communication net- 
work 300. 

(3-4) Home Agents 1 and 41 

55 [0106] Each of the home agents 1 and 41 is connect- 
ed to the mobile communication network 300 via the 
gateway server 13, connected to the radio hub 11 or 51 
via the repeating server 12, and connected to the IP net- 
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work 200b directly or over the IP network 400c, that is, 
connected in three directions. Next, the home agent 1 
will be described with reference to FIG. 10. Incidentally, 
the home agent 41 is similar in structure to the home 
agent 1 . 

[0107] FIG. 10 is a schematic functional block dia- 
gram of the home agent 1 according to the first embod- 
iment of this embodiment. The home agent 1 shown in 
FIG. 10 is provided in the IP network 200a. The home 
agent 1 comprises an agent server application process- 
ing unit (an application processing unit) 1a, a transmit- 
ting/receiving unit 1b, a transmission buffer (a transmit- 
ting/receiving buffer) 82 and a SyncML table 17a. 

(3-4-1) Transmitting/Receiving Unit 1b 

[0108] The transmitting/receiving unit 1b receives a 
packet having a first address or a second address as 
the source address and containing user data in a first 
session or a second session from the mobile communi- 
cation terminal 10. The transmitting/receiving unit 1b 
transmits a packet having an address of its own home 
agent 1 as the source address and containing user data 
in the received packet to the home agent 41 . 
[0109] The first address is either an address "IP 1 " as- 
signed by the mobile communication network 300 or an 
address "IP"" assigned by the IP network 200a, where- 
as the second address is the other one. 
[0110] The transmitting unit 1b comprises a mobile 
communication network transmitting/receiving unit 1e, 
an intra-network transmitting/receiving unit 1f and an in- 
ter-network transmitting/receiving unit 1g. 

(i) The mobile communication network transmitting/ 
receiving unit 1e transmits an IP packet to the gate- 
way server 1 3 connected to the access server 31 0a 
provided in the mobile communication network 300 
and receives an IP packet from the gateway server 
13, thereby transmitting/receiving a packet to/from 
the mobile communication terminal 10 over the mo- 
bile communication network 300. 

(ii) The intra-network transmitting/receiving unit 1f 
is a transmitting/receiving unit for carrying out a 
TCP/IP communication with the mobile communi- 
cation terminal 10 via the repeating server 12 and 
the radio hub 11. Namely, the intra-network trans- 
mitting/receiving unit 1f has a function of transmit- 
ting an IP packet to the repeating server 12 and re- 
ceiving an IP packet from the repeating server 12. 

(iii) The inter-network transmitting/receiving unit 1g 
is a transmitting/receiving unit for transmitting an IP 
packet to the IP network 200b and receiving an IP 
packet from the IP network 200b. Namely, the inter- 
network transmitting/receiving unit 1g has a func- 
tion of transmitting/receiving an IP packet to/from 
the home agent 41 over the IP network 400c. 

[0111] In the transmitting/receiving unit 1b, the trans- 


mission buffer (the transmitting/receiving buffer) 82 stor- 
ing transmitted/received data is provided, and each of 
the mobile communication network transmitting/receiv- 
ing unit 1e, the intra-network transmitting/receiving unit 
5 if and the inter-network transmitting/receiving unit 1g 
reads out packets received over the mobile communi- 
cation network 300 or the IP network 200b from the 
transmission buffer 82 in the order in which the packets 
have been received. 

10 

(3-4-2) Transmission Buffer 82 

[0112] The transmission buffer 82 has areas of trans- 
mitting buffers 82a and 82b holding data (IP packets to 

15 be transmitted) to be transmitted to the home agent 41 
and areas of receiving buffers 82c and 82d holding re- 
ceived data (received IP packets) (hereinafter referred 
as transmission buffers 82a through 82d, occasionally). 
The transmitting buffers 82a and 82b are for the first and 

20 second sessions, respectively, whereas the receiving 
buffer 82c and 82d are for the first and second sessions, 
respectively. These transmission buffers 82a through 
82d are realized with RAMs or the like. 
[01 13] The state of use and the like of the transmis- 

25 sion buffers 82a through 82d is managed by the SyncML 
table 17a. Accordingly, when the buffers are assigned 
to the mobile communication terminal 10, a pair of the 
transmitting buffer and the receiving buffer is assigned 
for each session. 

30 [0114] The above is a brief description of the trans- 
mission buffer 82. 

[0115] Incidentally, assignment of the buffers to the 
mobile communication terminal 1 0 may be in a way that 
the buffers are assigned to each mobile communication 

35 terminal, not that a pair of the transmitting buffer and the 
receiving buffer are assigned to each session. For in- 
stance, as a method, the transmitting buffer (for exam- 
ple, a dual port RAM or the like) and the receiving buffer 
(for example, a dual port RAM or the like) may be as- 

40 signed to the mobile communication terminal 10, and IP 
packets received from the mobile communication termi- 
nal 10 in the first and second sessions may be stored in 
the transmitting buffer, whereas IP packets received 
from the home agent 41 may be stored in the receiving 

45 buffer. 

(3-4-3) Application Processing Unit 1a 

[0116] The application processing unit 1 a controls the 
50 mobile communication network transmitting/receiving 
unit 1e, the intra-network transmitting/receiving unit 1f 
and the inter-network transmitting/receiving unit 1g, and 
manages and controls the transmission buffer 82. The 
application processing unit 1a comprises an agent au- 
55 thentication processing unit 3d, an agent synchroniza- 
tion processing unit 3e, a message synchronization 
processing unit 3a, a handover processing unit (a 
switching unit) 3b and a TCP/IP processing unit 3f. 
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[01 1 7] Hereinafter, each of the units will be schemat- 
ically described. 

(i) Agent Authentication Processing Unit 3d 

[0118] The agent authentication processing unit 3d 
has a function of authenticating the mobile communica- 
tion terminal 10 which has requested for authentication. 
Namely, the agent authentication processing unit 3d de- 
termines whether or not the mobile communication ter- 
minal is a terminal that is qualified to get the service ac- 
cording to an authentication procedure beforehand de- 
termined between the mobile communication terminal 
10 and the home agent 1. 

(ii) Agent Synchronization Processing Unit 3e 

[01 19] The agent synchronization processing unit 3e 
has a function of receiving a synchronization registration 
(containing terminal identification information "SNa" on 
the mobile terminal 10, terminal identification informa- 
tion "SNb" on a communication destination of the mobile 
communication terminal 10 and an IP address "IPsb" of 
the home agent 41 to which the communication desti- 
nation terminal applies for the synchronization registra- 
tion), and preparing and updating a session manage- 
ment table 17c. 

[0120] The session management table 17c will be 
now described with reference to FIG. 15. FIG. 15 is a 
diagram showing stored contents of the session man- 
agement table 17c. 

[0121] The session management table shown in FIG. 
17c is managed for each piece of terminal identification 
information. In the session management table 17c, 
there are provided columns to store session number, 
session type, requester IP address, status information 
and destination home agent IP address. 
[0122] The session number shows a session number 
incremented one by one each time the synchronization 
registration is applied. When it is the first synchroniza- 
tion registration, "1" is stored. When it is the next syn- 
chronization registration, "2" is stored. 
[0123] The session type is information for identifying 
whether an access (IP) by the mobile communication 
terminal 10 is from the IP network or an access from the 
mobile communication network (mobile) in each ses- 
sion. Preferably, the synchronization registration from 
the mobile communication terminal 10 contains session 
type information. According to this information, it is pref- 
erably to store the session type in the session manage- 
ment table 17c. The home agent 1 refers to the session 
type to determine whether a communication with the 
mobile communication terminal 10 is to be carried out 
using the mobile communication network transmitting/ 
receiving unit 1e or the intra-network transmitting/re- 
ceiving unit 1f. When the session type is "mobile," a 
communication with the mobile communication terminal 
10 is carried out using the mobile communication net- 


work transmitting/receiving unit 1e. When the session 
type is "IP," a communication with the mobile communi- 
cation terminal 10 is carried out using the intra-network 
transmitting/receiving unit 1f. Even when the session 
5 type is not managed, it is possible to transmit the same 
IP packet from both the mobile communication network 
transmitting/receiving unit 1e and the intra-network 
transmitting/receiving unit 1f, and delete either one of 
the double received packets in the mobile communica- 
te tion terminal 10. When both of the mobile communica- 
tion network transmitting/receiving unit 1e and the intra- 
network transmitting/receiving unit 1f transmit the same 
packets, a common number is given to the packets, 
whereby the mobile communication terminal 1 0 can de- 
15 tect the double received packets when the numbers co- 
incide with each other. 

[0124] The requester IP address is an IP address of 
the mobile communication terminal 10 which has ap- 
plied for synchronization registration. The requester IP 
20 address is extracted from a source IP address in the 
header of an IP packet transmitted as the synchroniza- 
tion registration, and stored in the session management 
table 17c. 

[01 25] The status information is information indicating 
25 whether the session is used to transmit user data, or the 
session is not used and is made wait, for each session 
number. When the first synchronization registration is 
applied, the status information is the use status. When 
another synchronization registration is made to add a 
30 session, the status information is the wait status. A ses- 
sion in the wait status is changed to the use status when 
the handover process is carried out. A session in the 
use status at that time is changed to the wait status, or 
deleted. When a session is deleted, it is preferable that 
35 the transmitting buffer and the received buffer ensured 
for the session are released, and changed to a status in 
which the buffers can be assigned to another mobile 
communication terminal. 

[0126] In the column of the destination home agent IP 
40 address, there is stored an IP address of a destination 
home agent contained in the data part of an IP packet 
for the synchronization registration. This IP address is 
used to set a destination IP address of an IP packet (for 
example, an IP packet or the like at the time of SyncML 
45 communication) to be transmitted from the home agent 
1 to the home agent 41. 

(iii) Message Synchronization Processing Unit 3a 

50 [01 27] The message synchronization processing unit 
3a synchronously exchanges data between the home 
agent 1 (its own server) and the home agent 41. Here, 
SyncML algorithm (hereinafter abbreviated as SyncML, 
occasionally) disclosed as the standard specification 
55 can be used as the algorithm used to synchronously ex- 
change the data. 

[0128] SyncML is one of the standards of data syn- 
chronous communications. Owing to it, the communica- 
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tion system 1 can transmit/receive data without a large 
change in existing installation. 
[0129] For this purpose, the message synchroniza- 
tion processing unit 3a has the SyncML table 17a. The 
SyncML table 17a is a table used when SyncML com- 
munication is carried out to manage information about 
the retain status of IP packets retained in the transmis- 
sion buffer 82. 

[0130] FIG. 11 is a diagram showing an example of 
the SyncML table 1 7a according to the first embodiment 
of this invention. The SyncML table 17a is provided for 
each piece of terminal identification information 
SNa-SNc. The SyncML table 17a retains and manages 
a buffer number for identifying each of the transmitting 
buffers and the receiving buffers, a packet number 
which is a serial number given to a packet retained in a 
transmitting buffer or receiving buffer, and a head point- 
er indicating the leading address of each packet re- 
tained in each of the transmitting buffers and the receiv- 
ing buffers. 

[01 31] When the first packet (1 ) from the mobile com- 
munication terminal 10 having the terminal identification 
information SNa is retained in a transmitting buffer, "1" 
is stored as the packet number and the head pointer 
"0x0a" (Ox indicating a hexadecimal number) is held in 
a corresponding column for transmission in the table. 
When the next IP packet (2) from the mobile communi- 
cation terminal 10 is retained in the transmitting buffer, 
"2" is stored as the packet number in a column below 
the packet number "1", and the leading address "0x0b" 
of the retained IP packet (2) is retained as the head 
pointer. 

[01 32] An IP packet received from the home agent 41 
is retained in a receiving buffer. When the retained buffer 
is the first IP packet (1) , "1" is retained as the packet 
number and a head pointer "0x1 a" is retained in a cor- 
responding column for reception in the SyncML table 
17a. When the next IP packet (2) from the home agent 
41 is retained in the receiving buffer, a packet number 
"2" is retained, and the leading address "0x1 b" of the 
retained IP packet (2) is retained as the pointer. 
[0133] The SyncML table 1 7a is realized with a mem- 
ory. In concrete, at the time of initialization carried out 
after the home agent 1 receives the synchronization reg- 
istration request message to be described later, the 
home agent 1 secures a memory area for the mobile 
communication terminal 10, and the message synchro- 
nization processing unit 3a writes buffer numbers of a 
selected transmitting buffer and receiving buffer to be 
used for SyncML communication. It is desirable to ini- 
tialize data of packet number, head pointer and the like 
at the time of this initialization. 
[0134] Next, description will be made of SyncML com- 
munication using the transmission buffer 82. 
[0135] First, SyncML synchronization registration will 
be first described because SyncML communication is 
carried out after SyncML synchronization registration is 
applied. 


[0136] FIG. 12 is a diagram showing a sequence for 
illustrating SyncML synchronization registration. The 
mobile communication terminal 10 and the mobile com- 
munication terminal 50 shown in FIG. 12 transmit syn- 

5 chronization registration request messages to the home 
agent 1 and the home agent 41 , respectively (messages 
S1 and S2). The home agent 1 transmits a synchroni- 
zation request to the home agent 41 (message S3). 
Conversely, the home agent 41 may transmit a synchro- 

10 nization request to the home agent 1 . 

[0137] The home agent 1 then initializes the SyncML 
table 17a (refer to FIG. 10) (step S4a). 
[0138] When receiving the synchronization request, 
the home agent 4 1 initializes the SyncML table 1 7a (step 

15 S4b), and transmits a synchronization response to the 
home agent 1 (message S5). The mobile communica- 
tion terminal 10 and the mobile communication terminal 
50 are notified that the synchronization registrations are 
accepted (messages S6 and S7). 

20 [0139] Meanwhile, the synchronization request mes- 
sage shown in FIG. 12 is an IP packet. The destination 
of the header of this IP packet is an IP address "IPsb" 
of the home agent 41 , the source of the same is an IP 
address "IPsa" of the home agent 1. The data part of 

25 the IP packet contains the terminal identification infor- 
mation "SNa" on the mobile communication terminal 10 
indicating a requester for the synchronization registra- 
tion, the terminal identification information "SNb" indi- 
cating a communication destination, and "synchroniza- 

30 tion registration" indicating contents of the message. 
[0140] The synchronization response message is an 
IP packet in which the destination of the header is the 
IP address "IPsa" of the home agent 1 , the source is the 
IP address "IPsb" of the home agent 41, and the data 

35 part contains the terminal identification information on 
the mobile communication terminal 10 indicating the 
source of the synchronization registration, the terminal 
identification information "SNa" indicating the commu- 
nication destination, and "synchronization response" in- 

40 dicating contents of the message. 

[0141] When receiving the synchronization request, 
the home agent 41 recognizes that both of the mobile 
communication terminals 10 and 50 make requests for 
SyncML communication on the basis of the contents of 

45 the synchronization registration request message from 
the mobile communication terminal 50 and the contents 
of the synchronization request from the home agent 1 , 
and initializes the SyncML transmission table 17a and 
the transmission buffer 82. When the home agent 1 

50 does not receive the synchronization response indicat- 
ing that there is a synchronization registration request 
message from the mobile communication terminal 50 
(for example, a timer detecting that a predetermined 
time has elapsed since transmission of the synchroni- 

55 zation registration request message), the home agent 1 
initializes the SyncML table 17a, and deletes an area of 
the SyncML table 17a initialized for the mobile commu- 
nication terminal 10. 
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[0142] At steps S6 and S7, the synchronization reg- 
istration response is an IP packet contains the IP ad- 
dress "IPa (IPb)" of the mobile communication terminal 
10 (50) as the destination in the header, the IP address 
"IPsa (IPsb)" of the home agent 1 (41) as the source, 
and "synchronization registration OK" indicating that the 
synchronization registration is accepted in the data part. 
[0143] When the SyncML synchronization registra- 
tion is completed as above, data transmission/reception 
is carried out in SyncML communication. Next, descrip- 
tion will be made of data transmission/reception in Syn- 
cML communication. 

[0144] FIG. 13 is a diagram showing a sequence for 
illustrating SyncML communication. The mobile com- 
munication terminal 10 having received the synchroni- 
zation registration response can recognize that the 
home agent 1 completes preparation for SyncML com- 
munication. The mobile communication terminal 10 
transmits IP packets a1 and a2 in order to the home 
agent 1 at step S10. When the home agent 1 receives 
these IP packets, the message synchronization 
processing unit 3a retains the IP packets a1 and a2 in 
order in a transmitting buffer (assumed to be #1 ) se- 
cured (selected) for SyncML communication for the mo- 
bile communication terminal 10 at the time of initializa- 
tion. Similarly, the message synchronization processing 
unit 3a stores "1" and "2" as corresponding packet num- 
bers in a column for transmission of the terminal identi- 
fication information SNa in the SyncML table 17a se- 
cured at the time of initialization, and stores leading ad- 
dresses "0x0a" and "0x0b" of the retained IP packets in 
order in the column of the head pointer. 
[0145] Similarly, the message synchronization 
processing unit 3a of the home agent 41 stores an IP 
packet b1 from the mobile communication terminal 50 
in a transmitting buffer, and stores the packet number, 
head pointer and the like in a SyncML table 17a gener- 
ated for the mobile communication terminal 50 (step 
S11). 

[0146] The message synchronization processing unit 
3a of the home agent 1 transmits a synchronization reg- 
istration response although not shown, then monitors 
reception of a response signal by a timer. When a pre- 
determined time has elapsed, the message synchroni- 
zation processing unit 3a refers to the SyncML table 1 7a 
of the terminal identification information SNa, reads out 
the head ointers "0x0a" and "0x0b," reads out the IP 
packets a1 and a2 in order from the transmitting buffer, 
and fills both of the IP packets a1 and a2 into the data 
part of a new IP packet, and transmits the new IP packet 
to the home agent 41 (step S12). 
[0147] As the destination address of the new IP pack- 
et, IPsb of a destination home agent of the terminal iden- 
tification information SNa retained in the session man- 
agement table 17c (refer to FIG. 10) is used, whereas 
as the source address, an IP address "IPa" of its own 
server is used, and the new IP packet is transmitted. 
Preferably, the new IP packet contains the terminal iden- 


tification information "SNa" on the source and the termi- 
nal identification information "SNb" on the destination in 
order. 

[0148] When detecting "SNb", the message synchro- 
5 nization processing unit 3a of the home agent 41 refers 
to the SyncML table 1 7a for SNb to specify the receiving 
buffer, and stores the received IP packets a1 and a2 in 
the specified receiving buffer. The message synchroni- 
zation processing unit 3a updates the packet numbers 
10 and the head pointers in the SyncML table 17a for 
"SNb." Namely, the packet numbers "1" and "2" are 
stored in order, and the leading addresses of the stored 
IP packets are stored as the head pointers in order in 
the column for reception in the SyncML table for "SNb." 
15 [0149] It is preferable to prepare a different SyncML 
table 17a for each communication destination, and up- 
date a SyncML table 17a corresponding to a received 
SNa. 

[0150] When the updating is finished, the message 

20 synchronization processing unit 3a refers to the column 
for transmission in the SyncML table 1 7a, reads out the 
head pointer of the IP packet b1, designates an address 
indicated by the pointer, reads out the IP packet b1 from 
the transmitting buffer, fills the IP packet b1 into the data 

25 part of a new IP packet, and transmits the new IP packet 
to the home agent 1 (step S14). The destination address 
of the new I P packets is a destination home agent "I Psa" 
of the terminal identification information "SNb" retained 
in the session management table 17c. The source ad- 

30 dress is an IP address "IPb" of its own server. Preferably, 
the new IP packet contains the terminal identification in- 
formation "SNb" on the source and the terminal identi- 
fication information "SNa" on the destination in order. 
[0151] When receiving the new IP packet, the mes- 

35 sage synchronization processing unit 3a of the home 
agent 1 stores the IP packet b1 in, for example, the re- 
ceiving buffer #1, and stores a packet number "1" and 
a head pointer "0x1 a" in a column for reception in the 
SyncML table 17a. 

40 [0152] When a predetermined time has been further 
elapsed since the elapse of the last predetermined time, 
the message synchronization processing unit 3a again 
refers to the SyncML table 17a of "SNa" to determine 
presence/absence of an IP packet that has not yet been 

45 transmitted. Namely, the message synchronization 
processing unit 3a determines whether or not the trans- 
mitting buffer retains an IP packet from the mobile com- 
munication terminal 10, which is an IP packet other than 
the IP packet transmitted last time. When determining 

50 that there is no IP packet, the message synchronization 
processing 3a transmits an IP packet for notifying of "no 
difference" to the home agent 41 (step S15). Similarly, 
when determining that there is no IP packet to be trans- 
mitted, the home agent 41 transmits an IP packet for 

55 notifying of "no difference" to the home agent 1 (step 
S15). 

[0153] The above is a brief description of SyncML 
communication. 
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[01 54] Preferably, the SyncML table retains a comple- 
tion flag (F) indicating completion of transmission corre- 
spondingly to a packet number in order to discriminate 
whether or not there is any IP packet not yet transmitted. 
[01 55] Whereby, it is possible to readily recognize that 5 
an IP packet corresponding to a packet number not giv- 
en the transmission completion flag (F) is not yet trans- 
mitted. 

[0156] Meanwhile, IP packets retained in the receiv- 
ing buffers in each of the home agents 1 and 41 are 10 
transmitted to the mobile communication terminal 10 or 
50 in the order in which the IP packets have been re- 
ceived in a session whose status information is "use." 
This status information can be obtained by referring to 
the session management table 17c by the application 15 
processing unit 1a. Here, destination IP addresses in 
the header part of the IP packets retained in the receiv- 
ing buffers of the home agents 1 and 41 are the home 
agents 1 and 41, respectively. For this, when the IP 
packets are transmitted to the mobile communication 20 
terminals 10 and 50, the requester IP address whose 
status information in the session management table 17c 
is "use" is rewritten to a destination IP address. 

(iv) Next, description will be made of the handover 25 
processing unit 3b. 

[01 57] The handover processing unit 3b switches the 
first session to the second session on the basis of re- 
ception of a switch request from the mobile communi- 30 
cation terminal 10 or the quality (communication status 
with the mobile communication terminal 10) of an RF 
signal transmitted from the mobile communication ter- 
minal 10 in the first session that is currently used to 
transmit/receive a packet. Namely, the handover 
processing unit 3b controls (carries out a handover 
processing) to switch between a session directly from 
the IP network 200a and a session over the mobile com- 
munication network 300 to one another. 
[0158] Accordingly, the handover processing unit 3b 
has a communication monitoring function and a switch- 
ing controlling function. Hereinafter, description will be 
made of the communication monitoring function and the 
switching controlling function in order. 

(D Communication Monitoring Function 

[0159] The communication monitoring function is a 
function of monitoring received signals (IP packets) from 
the mobile communication terminal 10 by the handover 
processing unit 3b. When the mobile communication 
terminal 10 moves or anything while a session is estab- 
lished between the home agent 1 and the mobile com- 
munication terminal 10 and IP packets containing user 
data are transmitted and received, there is a case where 
the communication in this session becomes difficult. For 
instance, while the mobile communication terminal 10 
accesses to the IP network 200a (the radio hub 11) to 


communicate with the home agent 1, there is a case 
where the mobile communication terminal 1 0 goes away 
from the radio hub 11 to the degree to which Bluetooth 
communication with the radio hub 11 is difficult. 
[0160] Since the home agent 1 receives the IP pack- 
ets from the mobile communication terminal 10 via the 
radio hub 11, the handover processing unit 3b detects 
that the quality of the packets drops below a quality L1 
(the error rate M, the number of retransmission R) be- 
forehand set. Similarly, the same is true for when the 
mobile communication terminal 10 accesses to the mo- 
bile communication network 300 to communicate with 
the home agent 1 . In which case, the handover process- 
ing unit 3b detects that the quality of packets received 
via not the radio hub 11 but the base station 300a drops 
below the quality L1. 

[0161] The detecting function described above is the 
communication monitoring function. 
[0162] The communication monitoring function may 
detect the followings other than the above. For example, 
when the user of the mobile communication terminal 1 0 
desires to switch the session, the user operates an op- 
erating unit (not shown) of the mobile communication 
terminal 10 so that the mobile communication terminal 
10 transmits a session switch request signal (for exam- 
ple, an IP packet) in the session now in use, and the 
handover processing unit 3b detects reception of this 
session switch request signal. 

[01 63] The radio hub 1 1 or the base station 300a may 
be provided with a measuring function of measuring the 
receive quality (the receive level, the error rate) of RF 
signals, the radio hub 11 (the base station 300a) may 
add the measured receive quality or deterioration infor- 
mation (information indicating that the receive quality 
drops below a predetermined reference) to an IP packet 
to be transmitted to the home agent 1, and the home 
agent 1 may detect, from the added information, that the 
receive quality drops below the quality L1 (the receive 
level L, the error rate M). 

[01 64] The quality L1 represents the quality or the like 
in which a normal communication is impossible, a value 
of which can be set to any one of various values. Pref- 
erably, the mobile communication terminal 10 periodi- 
cally transmits an IP packet for monitoring containing 
predetermined known data, and the home agent 1 uses 
the IP packet for monitoring to monitor the quality. 

(2) Switching Controlling Function 

[0165] The handover processing unit 3b starts a 
switching control as the handover processing, provided 
that the communication monitoring function detects. 
This switching control is a control to switch a session 
used between the mobile communication terminal 10 
and the home agent 1. Namely, the home agent 1 
switches from the mobile communication network trans- 
mitting/receiving unit 1e to the intra-network transmit- 
ting/receiving unit 1f, or switches from the intra-network 


40 


45 


50 


33 


EP1 418 713 A9 (W1A1) 


34 


transmitting/receiving unit 1f to the mobile communica- 
tion network transmitting/receiving unit 1e for an IP 
packet to be transmitted to the mobile communication 
terminal 10 (or to be received from the mobile commu- 
nication terminal 10). Since an IP address used by the 
mobile communication terminal 10 differs according to 
a session used at that time, the handover processing 
unit 3b of the home agent 1 refers to the session man- 
agement table 17c (refer to FIG. 10) to read out a re- 
quester IP address corresponding to a session to be 
switched to, and generates an IP packet to be ad- 
dressed to that IP address, or controls the TCP/IP 
processing unit 3f to capture an IP packet from that IP 
address. The handover processing unit 3b controls the 
transmission buffer 82, and controls transmission of a 
session switch instruction to the mobile communication 
terminal 10. 

[0166] Whereby, the home agent 1 can detect move- 
ment of the mobile communication terminal 10 or dete- 
rioration of the quality, thereby to detect it as an oppor- 
tunity to switch the session. Additionally, since the com- 
munication is not disconnected, seamless handover be- 
comes possible. 

[0167] (v) The TCP/IP processing unit 3f carries out 
a TCP/IP format processing. Namely, the TCP/IP 
processing unit 3f captures an IP packet received by the 
transmitting/receiving unit 1b when the IP packet is ad- 
dressed to its own server, and inputs the data to an up- 
per application or another processing unit. The TCP/IP 
processing unit 3f has a function of converting data out- 
putted from the upper application (or another processing 
unit) to an IP packet having a destination and a source 
instructed from the upper application, and transmitting 
to the IP packet from any one of the mobile communi- 
cation network transmitting/receiving unit 1e, the intra- 
network transmitting/receiving unit 1f and the inter-net- 
work transmitting/receiving unit 1g of the transmitting/ 
receiving unit 1b. 

(A-3) Detailed Description of Communication Method in 
Communication System of the Invention 

[0168] (1) Next, description will be made of handover 
from the IP network 200a to the mobile communication 
network 300 configured as above, according to the first 
embodiment of this invention with reference to FIGS. 14 
and 15. 

[0169] FIG. 14 is a diagram showing a sequence in 
which the mobile communication terminal 10 communi- 
cates with a communication destination terminal over 
the IP network 200a. First, a process denoted by X1 in 
FIG. 14 will be described. X1 is a process in which the 
mobile communication terminal 10 obtains an IP ad- 
dress "IPa" to be used by the mobile communication ter- 
minal 10 when accessing to the home agent 1 via the 
radio hub 11. The Bluetooth processing unit 10b of the 
mobile communication terminal 10 controls the Blue- 
tooth radio unit 10h to communicate by radio with the 


radio hub 11 using the Bluetooth antenna unit 10i, and 
establishes a session in a local radio section. Here, the 
mobile communication terminal 10 is assumed to be in 
a range in which the mobile communication terminal 10 

5 can communicate by radio with the radio hub 11 . 

[0170] The IP address managing unit4g of the mobile 
communication terminal 10 controls the TCP/IP 
processing unit 4f so as to generate an IP packet having 
a temporary address as the source addressed to an IP 

10 address "IPtsa" of the repeating server 1 2. This IP pack- 
et contains the terminal identification information "SNa" 
on the mobile communication terminal 10 and data in- 
dicating an assign request in the data part, which is also 
called an IP address assign request message. 

15 [0171] The IP packet generated by the TCP/IP 
processing unit 4f is transmitted to the radio hub 11 
through the Bluetooth processing unit 10b, the Blue- 
tooth radio unit 10h and the Bluetooth antenna unit 10i. 
[0172] When receiving the IP packet, the radio hub 11 

20 transmits the IP packet to the repeating server 1 2. When 
the transmitting/receiving unit 12a of the repeating serv- 
er 12 receives the IP address assign request message, 
the TCP/IP processing unit 12b recognizes that the 
packet is addressed to its own server (the destination 

25 being "IPtsa"), and inputs the IP address assign request 
message to the repeating server application processing 
unit 12c. The repeating server application processing 
unit 12c selects an assignable IP address, and stores 
an IP address ("IPa" here) corresponding to terminal 

30 identification information MACa retained in the IP ad- 
dress management table 12d. The repeating server ap- 
plication processing unit 12c controls the TCP/IP 
processing unit 12b and the transmitting/receiving unit 
1 2a to transmit an IP packet addressed to the temporary 

35 address containing the selected IP address in the data 
part to the radio hub 11. 

[0173] When receiving the IP packet, the radio hub 11 
transmits an RF signal to the mobile communication ter- 
minal 10 according to Bluetooth protocol in a similar 

40 manner. The radio adapter 1 0b of the mobile communi- 
cation terminal 10 receives the RF signal, and inputs it 
to the TCP/IP processing unit 4f. The TCP/IP processing 
unit 4f recognizes that this packet is addressed to its 
own terminal (the temporary address), and inputs the 

45 assigned IP address "IPa" contained in the IP packet to 
the IP address managing unit 4g. The IP address man- 
aging unit 4g stores the assigned IP address "IPa." 
[0174] Preferably, an IP network corresponding to 
"IPa" to which the mobile communication terminal 10 

50 has accessed to obtain this IP address is stored as the 
session type. 

[0175] Whereby, a packet session is established. 
When the mobile communication terminal 10 accesses 
to the home agent 1 via the radio hub 11, TCP/IP com- 
55 munication using the assigned IP address is possible. 
The above process corresponds to X1 shown in FIG. 14. 
[0176] Similarly, the mobile communication terminal 
50 is assigned an IP address, and carries out a process 
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X2 (similar to X1) indicated by TCP/IP. 
[0177] The mobile communication connection 
processing unit 4h of the mobile communication termi- 
nal 10 assigned the IP address transmits a packet ses- 
sion establish request signal to the mobile communica- 
tion network 300 under a control of the agent information 
unit 4c. The mobile communication network 300 having 
received this transmits a packet session establish re- 
sponse signal to the mobile communication terminal 1 0. 
[0178] Whereby, the mobile communication terminal 
10 and the mobile communication network 300 can 
transmit/receive short messages to/from one another 
(X3). 

[0179] When the packet session is established, the 
agent information unit 4c of the mobile communication 
terminal 10 transmits a short message addressed to the 
mobile communication terminal 50 containing the termi- 
nal identification information SNa on the mobile commu- 
nication terminal 10, the IP address M IPsa" of the home 
agent 1 and a common key "KeyA" for encrypting com- 
munication data (X4). The short message may further 
contain the assigned IP address IPa. 
[0180] The mobile communication network having re- 
ceived the short message transmits a session establish 
request signal to the mobile communication terminal 50 
to establish a session (X5). When the session is estab- 
lished, the mobile communication network 300 trans- 
mits (transfers) the short message to the mobile com- 
munication terminal 50 (X6). 

[0181] The agent information unit 4c of the mobile 
communication terminal 50 receives the short message 
through the mobile communication antenna unit 10f, the 
mobile communication radio unit 10g and the mobile 
communication connection processing unit 4h, and 
stores "SNa," "IPsa" and "KeyA." The agent information 
unit 4c controls the mobile communication connection 
processing unit 4h so as to transmit a short message 
containing the terminal identification information SNb on 
its own terminal and the IP address "IPsb" of the home 
agent 41. This short message is transmitted to the mo- 
bile communication terminal 1 0 over the mobile commu- 
nication network 300. The short message may further 
contain the IP address "IPb" assigned to the mobile 
communication terminal 50. Additionally, the packet 
session established at X3 and X5 may be disconnected 
immediately after the short messages are transmitted. 
[0182] The mobile communication terminal 10 re- 
ceives the short message through the fifth transmitting/ 
receiving unit 14. The agent information unit 4c extracts 
"SNb" and "IPsb" contained in the short message re- 
ceived from the mobile communication terminal 50, and 
stores them. 

[01 83] Whereby, the mobile communication terminals 
10 and 50 can obtain the IP addresses of the home 
agents 41 and 1 which are communication destinations 
to each other. 

[0184] Following the above, the agent synchroniza- 
tion processing unit4e of the mobile communication ter- 


minal 10 (50) applies for synchronization registration to 
the home agent 1 (41) at X8a (X8b). Namely, the agent 
synchronization processing unit 4e fills the terminal 
identification information "SNb (Sna)" on its own termi- 

5 nal, the IP address "IPsb (IPsa)" of the home agent 41 
(1) and the session type "IP" into the data part. The 
agent synchronization processing unit 4e then controls 
the TCP/IP processing unit 4f so as to generate an IP 
packet (a synchronization registration request mes- 

10 sage) having the IP address "IPsa (IPsb)" of the home 
agent 1 (41) as the destination and the IP address "IPa 
(IPb)" of its own terminal as the source in the IP header. 
[0185] Each of the TCP/IP processing units 4f trans- 
mits a synchronization registration request signal to the 

15 home agent 1 or 41 via the radio adapter 10b or 50b 
(X8a, X8b). 

[0186] When each of the home agents 1 and 41 re- 
ceives the synchronization registration request mes- 
sage, the agent synchronization processing unit 3e pre- 

20 pares the session management table 1 7c. 

[0187] Namely, the home agent 1 stores the session 
number "1," the session type "IP," the requester IP ad- 
dress "IPa," the status information "use" and the desti- 
nation home agent IP address "IPsb" in the table of the 

25 terminal identification information SNa. 

[0188] Similarly, the home agent 41 stores the ses- 
sion number "1 " the session type "IP," the requester IP 
address "IPb," the status information "use" and the des- 
tination home agent IP address "IPsa." 

30 [0189] The home agent 1 and the home agent 41 
shown in FIG. 14 authenticate the mobile communica- 
tion terminals 10 and 50 using the hash algorithm, re- 
spectively (steps X9a and X9b). Data to be transmitted 
from the mobile communication terminal 10 to the mo- 

35 bile communication terminal 50 is beforehand encrypted 
with the common key "KeyA" by the encryption process- 
ing unit 4a. 

[0190] The message synchronization processing unit 
3a of the home agent 1 communicates according to the 

40 SyncML synchronization registration sequence shown 
in FIG. 12 in order to initiate a SyncML communication 
with the home agent 41 (step X9c shown in FIG. 14), 
and initiates a SyncML communication shown in FIG. 
13 when the synchronization registration is completed 

45 (steps X10a, X10b and X10c). 

[0191] Next, description will be made of a flow of 
handover of the mobile communication terminal 1 0 from 
the IP network 200a to the mobile communication net- 
work 300, with reference to FIG. 16. 

so [0192] FIG. 16 is a diagram showing a sequence for 
illustrating a switching process from a first session to a 
second session. Namely, FIG. 16 shows a sequence in 
which the first session in which the mobile communica- 
tion terminal 10 communicates with the mobile commu- 

55 nication terminal 40 via the radio hub 11 is switched to 
the second session over the mobile communication net- 
work 300, to continue the communication. 
[01 93] The mobile communication terminal 1 0 carries 
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out a TCP/IP communication in the first session with the 
mobile communication terminal 50 via the radio hub 11 , 
and the home agents 1 and 41 (Z2a to Z2d). 
[0194] At step Z3b, when the mobile communication 
terminal 10 detects that the mobile communication ter- 
minal 10 approaches a border of a communicable area 
with the radio hub 11 (for example, the mobile commu- 
nication terminal detects that the quality of received sig- 
nal drops below L2), or that the user operates the mobile 
communication terminal 10 in order to add a session, 
the IP address managing unit 4g of the mobile commu- 
nication terminal 1 0 instructs the mobile communication 
connection processing unit 4h to dial-up to be connected 
to the access server 31 0a of the mobile communication 
network 300 and transmit an IP address assign request 
message for requesting for assignment of an IP ad- 
dress. 

[0195] The mobile communication connection 
processing unit 4h controls the fifth transmitting/receiv- 
ing unit 14 to dial-up in a procedure according to PPP, 
and transmits the IP address assign request message 
by an RF signal to the base station 300a. The IP address 
assign request message is transmitted to the access 
server 310a via the base station 300a and the exchang- 
er 300b. 

[0196] The PPP connecting unit 31 Od of the access 
server 310a has an IP address management table (not 
shown) similar in structure to the IP address manage- 
ment table 12d. The PPP connecting unit 310d selects 
an IP address "IP'a" to be assigned to the mobile com- 
munication terminal 10, stores the assigned IP address 
in the IP address management table, and transmits the 
assigned IP address to the mobile communication ter- 
minal 10 (Z4). 

[0197] The IP address managing unit 4g of the mobile 
communication terminal 10 obtains the assigned IP ad- 
dress "IP'a" through the fifth transmitting/receiving unit 
14 and retains it. Incidentally, it is preferable that the IP 
address managing unit 4g retains the session type "mo- 
bile," as well. 

[01 98] Through the process at Z4, the mobile commu- 
nication terminal 10 can obtain an IP address to be used 
when the mobile communication terminal 10 accesses 
to the home agent 1 via the base station 300a. 
[0199] When the mobile communication terminal 10 
obtains the new IP address "IP'a," the agent synchroni- 
zation processing unit 4e controls the TCP/IP process- 
ing unit 4f to generate an IP packet for a synchronization 
registration request message using "IP'a" and transmit 
the generated IP packet to the mobile communication 
connection processing unit 4h via the base station 300a 
from the fifth transmitting/receiving unit 14 (Z5). 
[0200] Preferably, the synchronization registration re- 
quest message is an IP packet having an IP address 
"IPsa" of the home agent 1 as the destination, and an 
IP address "IP'a" of its own terminal for the second ses- 
sion as the source, and containing the terminal identifi- 
cation information "SNa" on the mobile communication 


terminal 10, the IP address "IPsb" of the destination 
home agent 41, the identification information "SNb" on 
the communication destination terminal 50 and the ses- 
sion type "mobile" in the data part. As the information 

5 such as "IPsb," "SNb" and the like, addresses retained 
in the agent information unit 4c may be read out and 
used. AS "IP'a," an address retained in the IP address 
managing unit 4g may be read out and used. 
[0201] When receiving the synchronization registra- 

10 tion, the agent synchronization processing unit 3e of the 
home agent 1 registers a new session in the session 
management table 17c prepared in prior. 
[0202] In the home agent 1 , the session number "2," 
the session type "mobile," the requester IP address 

15 "IP'a," the status information "wait," and the destination 
home agent IP address "IPsb" are retained in a table for 
the terminal identification information SNa. 
[0203] When updating of the IP address management 
table 17c is completed, the authenticating process is 

20 carried out between the mobile communication terminal 
10 and the home agent 1 (Z6a and Z6b). 
[0204] Namely, the authenticating process is carried 
out on the mobile communication terminal 10 between 
the agent authentication processing unit 4d of the mo- 

25 bile communication terminal 10 and the agent authenti- 
cation processing unit 3d of the home agent 1 in a pro- 
cedure defined in the communication system 100. 
[0205] When the agent authentication processing unit 
3d determines in the authentication that the mobile com- 

30 munication terminal 10 is a terminal that is qualified to 
get the service provided by the home agent 1 , the sec- 
ond session is established (registered) for handover be- 
tween the mobile communication terminal 10 and the 
home agent 1 (multiple sessions established) (Z7a and 

35 Z7b). 

[0206] After the multiple sessions are established 
(registered), the handover processing unit 3b controls 
the TCP/IP processing unit 3f and the transmitting/re- 
ceiving unit 1b so as to transmit a handover start signal 
40 (mobile communication terminal) to the mobile commu- 
nication terminal 10 under a condition in which the com- 
munication monitoring function detects. This handover 
start signal is an IP packet. 

[0207] Preferably, when the handover processing unit 
45 3b transmits an IP packet from the mobile communica- 
tion network transmitting/receiving unit 1e to the mobile 
communication terminal 1 0, the IP packet has the head- 
er part containing "IP'a" as the destination IP address 
and an IP address "IPsa" of its own server as the source 
50 |p address, and the data part containing "handover 
start" as the contents of the message and the session 
type "mobile" of a session to be handed over. 
[0208] When the IP packet is transmitted to the mobile 
communication terminal 1 0 from the intra-network trans- 
55 mitting/receiving unit 1f, the IP packet contains the same 
contents, but has the destination IP address "IPa." Inci- 
dentally, the IP addresses "IPa" and "IP'a" are read out 
from the session management table 17c and used. 
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[0209] The handover processing unit 4b of the mobile 
communication terminal 10 having received the hando- 
ver start signal detects the message contents "handover 
start" contained in the data part, stops transmission of 
IP packets to be transmitted to the home agent 1, ob- 
tains an IP address "IP'a" to be used in the session type 
"mobile" designated in the handover start signal from 
the IP address managing unit 4g, and sets the TCP/IP 
processing unit 4f so as to use the IP address "IP'a" as 
the source IP address of IP packets to be transmitted to 
the home agent 1 after this. 

[0210] The handover processing unit 3b of the home 
agent 1 having transmitted the handover start signal 
stops SyncML communication, assigns a new pair of the 
transmitting buffer (#2) and the receiving buffer (#1) to 
the mobile communication terminal 10 as shown in FIG. 
10, retains IP packets received from the mobile commu- 
nication terminal 10 through the mobile communication 
network transmitting/receiving unit 1e in the new trans- 
mitting buffer (#2), and retains IP packets received from 
the mobile communication terminal 50 through the intra- 
network receiving unit 1 g in the new receiving buffer (#2) 
after this. A new SyncML table 17a for "SNa" is newly 
prepared in order to manage the new pair of buffers. 
[0211] When the preparation of the SyncML table 17a 
is completed, the handover processing unit 3b transmits 
a handover complete signal to the mobile communica- 
tion terminal 10. In this handover complete signal, the 
message contents "handover start" contained in the da- 
ta portion of the handover start signal are changed to 
"handover end." 

[0212] The handover processing unit 4b of the mobile 
communication terminal 1 having received the handover 
end signal detects the message contents "handover 
end," and starts to transmit and receive IP packets con- 
taining user data in a session for handover (a session 
with the home server 1 over the mobile communication 
network 300). Where, the destination IP address is the 
IP address "IPsa" of the home agent 1, whereas the 
source IP address is "IP'a" set. 
[0213] When the message synchronization process- 
ing unit 3a of the home agent 1 refers to the SyncML 
table 17a for the terminal identification information 
"SNa" and detects that an IP packet not yet transmitted 
is retained in the transmitting buffer (#1 ) used when the 
first session is used, the message synchronization 
processing unit 3a preferentially transmits the IP packet 
(s) retained in, not the new transmitting buffer (#2) but 
the old transmitting buffer (#1 ), to the home agent 41 in 
the SyncML communication. When referring to the Syn- 
cML table 17a and detecting that an IP packet not yet 
transmitted is not retained in the transmitting buffer (#1) 
used when the first session is used, the message syn- 
chronization processing unit 3a controls to transmit an 
IP packet retained in the new transmitting buffer (#2) to 
the home agent 41. 

[0214] Meanwhile, the procedure of SyncML commu- 
nication is according to the process shown in FIG. 13. 


[0215] Note that the destination IP address of user da- 
ta to be transmitted from the mobile communication ter- 
minal 10 to the home agent 1 when the first session is 
used is "IPsa," and the source IP address is "IPa," 

5 whereas the destination IP address of user data to be 
transmitted from the mobile communication terminal 10 
to the home agent 1 after the handover is changed to 
"IPsa," and the source IP address is changed to "IP' a." 
[0216] Before and after the handover, the destination 

10 |p address of an IP packet containing user data to be 
transmitted from the mobile communication terminal 50 
is "IPsb" and the source IP address is "IPb," so that the 
IP addresses remains unchanged. Before and after the 
handover, the destination IP address of an IP packet to 

15 be transmitted from the home agent 41 to the home 
agent 1 in the SyncML communication is "IPsa" and the 
source IP address is "IPsb," so that the IP addresses 
remain unchanged, as well. Accordingly, the mobile 
communication terminal 50 and the home agent 41 do 

20 not need to particularly recognize presence/absence of 
the handover processing on the mobile communication 
terminal 10, and the mobile communication terminal 10 
does not need to notify the mobile communication ter- 
minal 50 of "IP'a." 

25 [0217] When the home agent 1 transmits an IP packet 
received from the home agent 41 to the mobile commu- 
nication terminal 10, the destination IP address is "IPa" 
before the handover, whereas the destination IP ad- 
dress is changed to "IP'a" after the handover. 

30 [021 8] As above, the mobile communication terminal 
1 0 can continue the TCP/I P communication with the mo- 
bile communication terminal 50, by using the first ses- 
sion before the handover and the second session after 
the handover. Since the home agent 1, the IP address 

35 of which is not changed before and after the handover, 
repeats IP packets before and after the handover, the 
home agent 41 and the mobile communication terminal 
50 do not need to be aware of a change in IP address 
of the mobile communication terminal 10 with a change 

40 in session. In other words, 

[0219] a section in which the IP address in the header 
portion of the IP packet differs between before and after 
the handover is only between the mobile communication 
terminal 10 and the home agent 1, so that it is unnec- 

45 essary to change the IP address in the header part of 
the IP packet communicated between the home agent 
1 and another server or terminal. 
[0220] (2) Next, detailed description will be made of 
handover from the mobile communication network to the 

50 IP network according to the first embodiment of this in- 
vention with reference to FIGS. 17 and 18. 
[0221] FIG. 1 7 is a diagram for illustrating a sequence 
in which the mobile communication terminal 10 commu- 
nicates with a communication destination terminal over 
55 the mobile communication network 300. FIG. 1 7 shows 
a sequence from the time the mobile communication ter- 
minal 10 accesses to the mobile communication net- 
work 300 (the access server 310a) and to the time the 
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mobile communication terminal 10 starts to communi- 
cate with the mobile communication terminal 50 via the 
home agents 1 and 41 over the mobile communication 
network 300. 

[0222] First, a process denoted by X30 in FIG. 17 will 5 
be described. X30 is a process of obtaining an IP ad- 
dress to be used when the mobile communication ter- 
minal 10 communicates with the home server 1 or the 
like over the mobile communication network 300 by 
TCP/IP. 10 
[0223] In the process at X30, the IP address manag- 
ing unit 4g of the mobile communication terminal 10 in- 
structs the mobile communication connection . process- 
ing unit 4h to dial-up-connect to the access server 31 0a 
of the mobile communication network 300 and transmit 15 
an IP address assign request message for requesting 
for assignment of an IP address. The mobile communi- 
cation connection processing unit 4h controls the fifth 
transmitting/receiving unit 14 to dial up in a procedure 
according to PPP and transmit the IP address assign 20 
request message by an RF signal to the base station 
300a. 

[0224] The IP address assign request message is 
transmitted to the access server 310a via the base sta- 
tion 300d and the exchanger 300b. The PPP connecting 25 
unit 310d of the access server 310a has an IP address 
management table similar in structure to the IP address 
management table of the IP address management table 
12d. The PPP connecting unit 31 Od selects an IP ad- 
dress "IPa" to be assigned to the mobile communication 30 
terminal 10, retains the assigned IP address in the IP 
address management table, and transmits the assigned 
IP address to the mobile communication terminal 10 
(X30). 

[0225] The IP address managing unit4g of the mobile 
communication terminal 10 obtains the assigned IP ad- 
dress "IPa" through the fifth transmitting/receiving unit 
14 and retains it. Preferably, the IP address managing 
unit 4g retains the session type "mobile," as well. 
[0226] Through the process at X30, the mobile com- 
munication terminal 10 obtains an IP address to access 
to the home agent 1 via the base station 300a. 
[0227] The mobile communication connection 
processing unit 4h of the mobile communication termi- 
nal 10 assigned the IP address transmits a request sig- 
nal for establishing another session (for transmitting/re- 
ceiving short messages) to the mobile communication 
network 300 under a control of the agent information unit 
4c. The mobile communication network 300 having re- 
ceived the request signal transmits a session establish 
response signal to the mobile communication terminal 
10. 

[0228] Whereby, the mobile communication terminal 
10 and the mobile communication network 300 can 
transmit and receive short messages to/from each other 
(X31). 

[0229] When the session is established, the agent in- 
formation unit 4c of the mobile communication terminal 


10 transmits a short message addressed to the mobile 
communication terminal 50 containing the terminal iden- 
tification information "SNa" on the mobile communica- 
tion terminal 10, an IP address "IPsa" of the home agent 
1 and a common key "KeyA" for encrypting communi- 
cation data (X32). The short message may further con- 
tain the assigned "IPa." The mobile communication net- 
work 300 having received the short message transmits 
a session establish request signal to the mobile com- 
munication terminal 50. When the session is established 
(X33), the mobile communication network 300 transmits 
a short message to the mobile communication terminal 
50 (X34). 

[0230] The agent information unit 4c of the mobile 
communication terminal 50 receives the short message 
through the mobile radio antenna unit 10f, the mobile 
communication radio unit 10g and the mobile commu- 
nication connection processing unit 4h (X34), and re- 
tains "SNa," "IPsa" and "KeyA" contained in the mes- 
sage. 

[0231] According to the first embodiment, the mobile 
communication terminal 50 is not yet assigned an IP ad- 
dress by either the repeating server 52 of the IP network 
200b or the access server 310b of the mobile commu- 
nication network 300. For this, the IP address managing 
unit 4g of the mobile communication terminal 50 con- 
nects to the access server 310b of the mobile commu- 
nication network 300 by PPP at step X35 like step X30 
with reception of the above short message as an oppor- 
tunity, and obtains an IP address "IPb," 
[0232] When the IP address managing unit 4g obtains 
the IP address "IPb," the agent information unit 4c con- 
trols the mobile communication connection processing 
unit 4h to transmits a short message containing the ter- 
minal identification information "SNb" on its own termi- 
nal and the IP address "IPsb" of the home agent 41 . The 
short message is transmitted to the mobile communica- 
tion terminal 10 (X36). 

[0233] The mobile communication terminal 10 re- 
ceives the short message through the fifth transmitting/ 
receiving unit 14. The agent information unit 4 extracts 
"SNb" and "IPsb" contained in the received short mes- 
sage, and retains them. 

[0234] Preferably, the packet sessions established at 
X31b and X33 are disconnected initiatively by the mo- 
bile communication network 300 or the mobile commu- 
nication terminals 10 and 50 after the short messages 
are transmitted at step X36. 

[0235] As above, the mobile communication terminals 
10 and 50 both obtain the IP addresses of the destina- 
tion home agents 41 and 1, respectively. Incidentally, 
step X35 may be after step X36 so long as step X35 is 
before step X37b to be described later. 
[0236] The agent synchronization processing unit 4e 
of the mobile communication terminal 10 controls the 
TCP/IP processing unit 4f to generate an IP packet for 
a synchronization registration request message having 
the IP address "IPsa" as the destination address and 
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the IP address obtained in prior as the source IP ad- 
dress. The agent synchronization processing unit 4e 
controls the mobile communication connection process- 
ing unit 4h so as to convert the generated IP packet into 
a packet for mobile communication network and trans- 
mit it. The mobile communication connection process- 
ing unit 4h control the fifth transmitting/receiving unit 14 
to transmit the IP packet to the home agent 1 via the 
base station 300a (X37a). Preferably, the synchroniza- 
tion registration request message is an IP packet con- 
taining the identification information "SNa" on the mobile 
communication terminal 10, the destination home agent 
IP address "IPsb," the identification information "SNb" 
on the communication destination terminal 50 and the 
session type "mobile" in the data portion. 
[0237] The access server 31 0a receives the synchro- 
nization registration request message through the TCP/ 
IP processing unit 310e. The data converting unit 310c 
converts the synchronization registration request mes- 
sage from the packet for mobile communication network 
to an IP packet according to TCP/IP protocol, and trans- 
mits it to the gateway 13. 

[0238] The gateway 1 3 determines on the basis of the 
header information that the received IP packet is ad- 
dressed to the home agent 1 , and transmits the IP pack- 
et to the home agent 1 of the IP network 200a. When 
receiving the synchronization registration request mes- 
sage, the agent synchronization processing unit 3e of 
the home agent 1 prepares the session management 
table 17c, and registers it as the first session. 
[0239] In other words, the agent synchronization 
processing unit 3e stores the session number "1," the 
session type "moble," the requester IP address "IPa," 
the status information "use" and the destination home 
agent IP address "IPsb" in the session management ta- 
ble 17c for the terminal identification information "SNa." 
[0240] Similarly, the mobile communication terminal 
50 transmits a synchronization registration request 
message to the home agent 41 over the mobile commu- 
nication network 300 (X37b). The home agent 41 pre- 
pares the session management table 17c. Namely, the 
session number "1," the session type "mobile," the re- 
quester IP address "IPb," the status information "use," 
and the destination home agent IP address "IPsa" are 
stored in the session management table 1 7c for the ter- 
minal identification information "SNb." 
[0241] When the preparation of the IP address man- 
agement table 17c is completed, the authenticating 
process is carried out between the mobile communica- 
tion terminal 10 and the home agent 1 over the mobile 
communication network 300 (X38a). 
[0242] Similarly, the authenticating process is carried 
out between the mobile communication terminal 50 and 
the home agent 1 (X38b). When the agent authentica- 
tion processing unit 3d determines through the authen- 
tication that the mobile communication terminals 1 0 and 
50 are terminals that are qualified to get the service pro- 
vided by the home agents 1 and 41, respectively, the 


SyncML synchronization registering process (X39) 
shown in FIG. 12 is carried out between the home 
agents 1 and 41. 

[0243] When the synchronization registering process 
5 is completed, data transmission is initiated between the 
home agent 1 and the home agent 41 (X40a, X40b and 
X40c). Namely, the mobile communication terminal 10 
encrypts user data by means of the encryption process- 
ing unit 4a, fills the user data into an IP packet by means 
10 of the TCP/IP processing unit 4f (the destination ad- 
dress: "IPbb," and the source address: "IPa"), converts 
it into a packet for mobile communication network by 
means of the mobile communication connection 
processing unit4h, and transmits an RF signal contain- 
15 ing this IP packet from the fifth transmitting/receiving 
unit 14. 

[0244] The transmitted RF signal is received by the 
base station 300a. The packet for mobile communica- 
tion network is undergone the routing process by the ex- 

20 changer 300b, and transmitted to the access server 
310a. The access server 310a converts the packet for 
mobile communication network into an I P packet like the 
above synchronization registration request message, 
and transmits it to the gateway 13. The gateway 13 

25 transfers the received IP packet to the home agent 1 , 
and the home agent 1 receives the IP packet. 
[0245] The TCP/IP processing unit 3f analyzes the re- 
ceived IP packet to determine whether or not the IP 
packet is addressed to the home agent 1. When the IP 

30 packet is addressed to the home agent 1 and the source 
is "IPa, " the IP packet is retained in a transmitting buffer 
(#1 , here) by referring to the session management table 
17c under a control of the message synchronization 
processing unit 3a, like the above. 

35 [0246] Similarly, an IP packet is transmitted between 
the mobile communication terminal 50 and the home 
agent 41 , and the IP packet is retained in a transmitting 
buffer of the home agent 41 . Each of the IP packets re- 
tained in the home agent 1 or 41 is retained in a receiving 

40 buffer of the destination home agent according to the 
SyncML communication described above (the destina- 
tion IP address being converted into an IP address of 
the destination home agent 1). 
[0247] The IP packets retained in each of the receiv- 
es jng buffers are transmitted in order to the mobile com- 
munication terminal 10 or 50 over the mobile communi- 
cation network 300 with the requester IP address read 
out from the session management table 17c by the ap- 
plication processing unit 1a as the destination IP ad- 

50 dress. 

[0248] The above is data transmission using the first 
session over the mobile communication network 300 
denoted by X40a, X40b and X40c. 
[0249] Next, description will be made of a flow of 
55 handover of the mobile communication terminal 10 from 
the mobile communication network 300 to the IP net- 
work 200a with reference to FIG. 18. 
[0250] FIG. 18 is a diagram showing a sequence of 
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handover from the mobile communication network to the 
IP network according to the first embodiment of this in- 
vention. FIG. 18 shows a sequence in which, while the 
mobile communication terminal 10 communicates with 
the mobile communication terminal 50 in the first ses- 
sion (a session over the mobile communication network 
300) established in prior, the mobile communication ter- 
minal 1 0 switches the first session to the second session 
over the IP network 200a (a direct access via the radio 
hub 11 and the like, not over the mobile communication 
network 300 but over the IP network), and continues the 
communication. 

[0251] The mobile communication terminal 10 com- 
municates in the first session (Y2a to Y2d). 
[0252] When the mobile communication terminal 10 
detects that the mobile communication terminal 10 en- 
ters into a communicable area with the radio hub 11 
(Y3b), or that the user of the mobile communication ter- 
minal 10 operates the mobile communication terminal 
10 to add a session (Y3b), the mobile communication 
terminal 10 carries out a process at Y4. Namely, under 
a control of the terminal application processing unit 10c, 
the Bluetooth processing unit 1 0b controls the Bluetooth 
radio unit 10h to communicate by radio with the radio 
hub 11 using the Bluetooth antenna unit 10i, and estab- 
lish a session in a local radio section. 
[0253] The following is an example of the technique 
of detecting that the mobile communication terminal 10 
enters into a communicable area with the radio hub 11 . 
Namely, the radio hub 11 periodically transmits signals 
and the radio adapter 50b receives the signals periodi- 
cally transmitted from the radio hub 11, or recognizes a 
specific message contained in the received signal, 
thereby detecting that the mobile communication termi- 
nal 10 enters into the communicable area with the radio 
hub 11. 

[0254] The IP address managing unit4g of the mobile 
communication terminal 10 controls the TCP/IP 
processing unit 4f so as to generate an IP packet ad- 
dressed to an IP address "IPtsa" of the repeating server 
12 and having a temporary address as the source This 
IP packet contains the terminal identification information 
"SNa" on the mobile communication terminal 1 0 and da- 
ta indicating an assign request in the data part, which is 
also referred as an IP address assign request message. 
[0255] The IP packet generated by the TCP/IP 
processing unit 4f is transmitted to the radio hub 11 
through the Bluetooth processing unit 10b, the Blue- 
tooth radio unit 10h and the Bluetooth antenna unit 10i 
in the similar manner. 

[0256] When receiving the IP packet, the radio hub 11 
transmits the I P packet to the repeating server 1 2. When 
the transmitting/receiving unit 12a of the repeating serv- 
er 12 receives the IP address assign request message, 
the TCP/IP processing unit 12b recognizes that the IP 
packet is addressed to its own server (the destination 
being "IPtsa"), and inputs the IP address assign request 
message to the repeating server application processing 


unit 12c. The repeating server application processing 
unit 1 2c selects an IP address that can be assigned, and 
retains an IP address selected (assigned) correspond- 
ingly to "SNa" in the IP address management table 12d 

5 ("IP' a," here). The repeating server application process- 
ing unit 1 2c controls the TCP/IP processing unit 1 2b and 
the transmitting/receiving unit 12a to transmit an IP 
packet addressed to the temporary address containing 
the selected IP address in the data part to the mobile 

10 communication terminal 10 via the radio hub 11 . 

[0257] When receiving the IP packet, the radio hub 1 1 
transmits an RF signal to the mobile communication ter- 
minal 10 according to Bluetooth protocol. The radio 
adapter 10b of the mobile communication terminal 10 

15 receives the RF signal, and inputs it to the TCP/IP 
processing unit 4f. The TCP/IP processing unit 4f rec- 
ognizes that the signal is an IP packet addressed to its 
own terminal (the temporary address), and inputs the 
assigned IP address "IP* a" contained in the IP packet 

20 to the IP address managing unit 4g. The IP address 
managing unit 4g retains the assigned IP address "IP'a." 
[0258] The mobile communication terminal 10 ac- 
cesses to the home agent 1 via the radio hub 11 using 
the assigned IP address, and gets into a TCP/IP com- 

25 municable status. The above process corresponds to 
Y4 shown in FIG. 18. 

[0259] The agent synchronization processing unit 41 
of the mobile communication terminal 10 assigned the 
IP address "IP'a" transmits a synchronization registra- 

30 tion request message to the home agent 1 (Y6a and 
Y6b). Namely, the agent synchronization processing 
unit 4e controls the TCP/IP processing unit 4f so as to 
generate an IP packet (a synchronization registration re- 
quest message) containing the terminal identification in- 

35 formation "SNa" on its own terminal, the IP address 
"IPsb" of the home agent 4a to which the communication 
destination terminal has applied for the synchronization 
registration, the terminal identification information 
"SNb" on the communication destination terminal and 

40 the session type "IP" in the data part, and the IP address 
"IPsa" of the home agent 1 as the destination and the 
newly assigned IP address "IP'a" as the source in the 
IP header. 

[0260] The TCP/IP processing unit 4f transmits the 
45 synchronization registration request message to the 
home agent through the radio adapter 10b (Y5). 
[0261] The agent synchronization processing unit 3e 
of the home agent having received the synchronization 
registration request message updates the session man- 
50 agement table 17c. Namely, the anent synchronization 
processing unit 3e newly stores the session number "2," 
the session type "IP," the requester IP address "IP'a," 
the status information "wait," and the destination home 
agent IP address "IPsb" (below the column of the ses- 
55 sion number 1 ) in the table for the terminal identification 
information "SNa." 

[0262] When the updating of the IP address manage- 
ment table 1 7c is completed, the authenticating process 
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is then carried out between the mobile communication 
terminal 10 and the home agent 1 , using a session with 
the home agent 1 of the IP network 200 established not 
over the mobile communication network 300 via the ra- 
dio hub 11 and the like (Y6a and Y6b). 
[0263] Namely, the authenticating process on the mo- 
bile communication terminal 10 is carried out between 
the agent authentication processing unit 4d of the mo- 
bile communication terminal 10 and the agent authenti- 
cation processing unit 3d of the home agent 1 in a pre- 
determined procedure. 

[0264] When the agent authentication processing unit 
3e determines through this authenticating process that 
the mobile communication terminal 10 is a terminal that 
is qualified to get the service provided by the home 
agent 1, a session for handover is established (regis- 
tered) between the mobile communication terminal 10 
and the home agent 1 (multiple sessions established) 
(Z7a and Z7b). 

[0265] The handover processing unit 3b controls the 
TCP/IP processing unit 3f and the transmitting/receiving 
unit 1b so as to transmit a handover start message (an 
IP packet) to the mobile communication terminal 1 0 after 
the multiple sessions are established, or provided that 
the communication monitoring function detects as stat- 
ed above. Namely, it is preferable that when the hando- 
ver processing unit 3b transmits the IP packet to the mo- 
bile communication terminal 1 0 through the mobile com- 
munication network transmitting/receiving unit 1e, the IP 
packet contains "IPa" as the destination IP address and 
"IP' a" as the destination address when the handover 
processing unit 3b transmits the IP packet to the mobile 
communication terminal 10 through the intra-network 
transmitting/receiving unit 1f. In either case, the IP pack- 
et contains the IP address "IPsa" of its own server as 
the source IP address in the header part, along with the 
message contents "handover start," the session type 
"IP" of the handed-over network in the data part. Inci- 
dentally, the IP addresses "IPa" and "IP'a" can be read 
out from the session management table 17c and used. 
[0266] When receiving the handover start signal, the 
handover processing unit 4b stops transmission of IP 
packet to be transmitted to the home agent 1 of the mo- 
bile communication terminal 10. The handover process- 
ing unit 4b obtains an IP address "IP* a" to be used for 
the session type "IP" designated in the handover start 
signal from the IP address managing unit 4g, and sets 
it to the TCP/IP processing unit 4f. The IP address "IP* 
a" is used as the source IP address of IP packets to be 
transmitted to the home agent 1 . 
[0267] On the other hand, the handover processing 
unit 3b of the home agent 1 having transmitted the 
handover start signal stops the SyncML communication, 
assigns a new pair of transmitting buffer (#2) and receiv- 
ing buffer (#2) to the mobile communication terminal 1 0, 
and stores an IP packet received from the mobile com- 
munication terminal 10 through the mobile communica- 
tion network transmitting/receiving unit 1f in the new 


transmitting buffer (#2) and an IP packet received from 
the mobile communication terminal 50 through the intra- 
network transmitting/receiving unit 1g in the new receiv- 
ing buffer (#2) from this time on. The SyncML table 1 7a 
5 is newly prepared in order to manage the new pair of 
buffers. 

[0268] The handover processing unit 3b transmits a 
handover end signal to the mobile communication ter- 
minal 10 when the preparation of the SyncML table 17a 
10 is completed. The message contents "handover start" 
contained in the data portion of the handover start signal 
is changed to "handover end" and used as the handover 
end signal. 

[0269] When the handover processing unit 4b re- 

15 ceives the handover end signal, transmission and re- 
ception of IP packets is started in the second session. 
As the source IP address, the set "IP'a" is used. 
[0270] The handover processing unit 4b of the mobile 
communication terminal 10 having received the hando- 

20 ver end signal detects the message contents "handover 
end," and starts to transmit and receive an IP packets 
containing user data in the session for handover (a ses- 
sion with the home server 1 over the IP network 200a). 
In the IP packet, the IP address "IPsa" of the home agent 

25 1 is used as the destination IP address, and the set "IPa" 
is used as the source IP address. 
[0271] The message synchronization processing unit 
3a of the home agent 1 refers to the SyncML table 17a 
for the terminal identification information "SNa." When 

30 detecting that an IP packet not yet transmitted is still re- 
tained in the transmitting buffer (#1 ) used when the first 
session is used, the message synchronization process- 
ing unit 3a preferentially transmits an IP packet retained 
in, not the new transmitting buffer (#2) but the old trans- 

35 mitting buffer (#1), to the home agent 41 in SyncML 
communication. 

[0272] When referring to the SyncML table 17a and 
detecting that an IP packet not yet transmitted is not re- 
tained in the transmitting buffer (#1) used when the first 

40 session is used, the message synchronization process- 
ing unit 3a transmits an IP packet retained in the new 
transmitting buffer (#2) to the home agent 41 . 
[0273] The procedure of the SyncML communication 
may be according to the process shown in FIG. 13. Note 

45 that the destination IP address and the source IP ad- 
dress of the user data transmitted from the mobile com- 
munication terminal 10 to the home agent 1 when the 
first session is used are "IPsa" and "IPa," respectively. 
After the handover, the destination IP address of the us- 

50 er data transmitted from the mobile communication ter- 
minal 10 to the home agent 1 remains to be "IPsa" but 
the source IP address is changed to "IP'a." 
[0274] Before the start and after the end of the hando- 
ver process, the destination IP address of an IP packet 

55 containing user data to be transmitted from the mobile 
communication terminal 50 is "IPsb," and the source IP 
address is "IPb," both of which remain unchanged. Ad- 
ditionally, the destination IP address of an IP packet to 
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be transmitted from the home agent 41 to the home 
agent 1 in the SyncML communication is "IPsa" and the 
source IP address is "IPsb," both of which remain un- 
chained, as well. Accordingly, the mobile communica- 
tion terminal 50 and the home agent 41 do not need to 
recognize whether the mobile communication terminal 
10 is handed over or not. 

[0275] When the home agent 1 transmits an IP packet 
received from the home agent 41 to the mobile commu- 
nication terminal 10, the destination IP address is "IPa" 
before the handover, but the destination IP address 
needs to be changed to "IP'a" after the handover. 
[0276] As above, the mobile communication terminal 
10 uses the first session before handover and the sec- 
ond session after the handover, thereby continuing the 
TCP/IP communication with the mobile communication 
terminal 50. Since the home agent 1, the IP address of 
which remain unchanged before and after the handover, 
repeats IP packets, the home agent 41 and the mobile 
communication terminal 50 do not need to be aware of 
a change in IP address of the mobile communication ter- 
minal 10 with a switching of the session. 
[0277] In other words, since a section in which the IP 
address in the header part of the IP packet differs be- 
tween before and after the handover is only a section 
between the mobile communication terminal 10 and the 
home agent 1, it is unnecessary to change the IP ad- 
dress in the header part of the IP packet to be commu- 
nicated between the home agent 1 and another server 
or terminal. 

[0278] The above is the handover method from the 
server, the mobile communication terminal and the IP 
network to the mobile communication network, and the 
handover method from the mobile communication net- 
work to the IP network. 

[0279] Meanwhile, this embodiment can be modified 
in various ways. 

[0280] Now, description will be made of a case where 
an inquiring function is added to the repeating servers 
12 and 52, as a modification. When the repeating serv- 
ers 12 and 52 relate identification information on the 
home agents 1 and 41 to IP addresses of the home 
agents 1 and 41, respectively, each of the mobile com- 
munication terminals 10 and 50 can notify of the identi- 
fication information on the home agent 1 or 41 instead 
of the IP address by a short message. 
[0281] In this case, each of the mobile communication 
terminals 1 and 41 generates a message inquiring for 
the IP address of the home agent having the identifica- 
tion information on the repeating server 12 or 52, and 
transmits the message to the repeating server 12 or 52. 
When receiving the message, each of the repeating 
servers 12 and 52 transmits an IP address correspond- 
ing to the identification information to the mobile com- 
munication terminal 1 or 41 having inquired. 
[0282] Each of the mobile communication terminal 1 
and 41 sets a received IP address as the IP address of 
the home agent of the destination communication ter- 


minal in a synchronization registration request mes- 
sage, and transmits the IP packet. 
[0283] Further, the function of the repeating servers 
1 2 and 52 may be integrated to the function of the home 

5 agents 1 and 41. 

[0284] FIG. 22 is a schematic diagram showing the 
structure of an IP network according to the first embod- 
iment of this invention. An IP network 200d shown in 
FIG. 22 has is similar in. function to the IP network 200a. 

10 The IP network 200d comprises a home agent server 
(home agent) 150 having a function which is an integra- 
tion of the function of the home agent 1 and the inquiring 
function of the repeating server 12. Like reference char- 
acters in FIG. 22 designate like or corresponding parts 

*5 in the drawings, repetitive descriptions of which are thus 
omitted. 

[0285] The mobile communication terminal 10 can 
change the IP address of the home agent 41 in the syn- 
chronization registration request message to the home 

20 agent to the identification information on the home agent 
41 , and transmits it. Since the home agent relates an IP 
address to identification information and retains them, it 
is possible to prepare a session management table by 
reading out a relevant IP address. 

25 [0286] In this embodiment, there are provided two 
home agents, the home agent 1 for the transmitting mo- 
bile communication terminal 10 and the home agent 41 
for the receiving mobile communication terminal 50. 
However, the home agent may be one. A case where 

30 the mobile communication terminal 10 is handed over 
from the IP network to the mobile communication net- 
work with one home agent will be next described briefly. 
[0287] The mobile communication terminals 10 and 
50 obtain IP addresses "IPa" and "IPb," respectively, in 

35 the similar manner to X1 and X2 in FIG. 14. Assuming 
here that the mobile communication terminals 10 and 
50 retain an IP address of the home agent, the mobile 
communication terminal 10 and 50 do not transmit/re- 
ceive short messages to each other. When the mobile 

40 communication terminals 10 and 50 do not retain the IP 
address, the mobile communication terminals 10 and 50 
transmit the short messages to each other, as shown in 
FIG. 14. 

[0288] Each of the mobile communication terminals 
45 1 0 and 50 having obtained the IP address then transmits 
a synchronization registration request message to one 
shared home agent. The synchronization registration 
request messages are IP packets, which may be "IPsa, 
IPa; SNa, SNb, IP" and "IPsa, IPb; SNb, SNa, IP" as 
50 denoted in FIG. 14. 

[0289] When detecting that a pair of SNa and SNb co- 
incide to each other, the home agent transmits a syn- 
chronization registration response signals to the mobile 
communication terminals 1 0 and 50, secures the buffers 
55 1 and 2, relates the IP addresses "IPa" and "IPb" to each 
other, and retains them. 

[0290] When receiving the synchronization response 
signal, each of the mobile communication terminals 10 
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and 50 transmits an IP packet containing user data to 
the home agent. The home agent retains the received 
iP packets in the buffers 1 and 2, fills user data in the IP 
packet from the mobile communication terminal 10 in 
the data part of an IP packet to be transmitted from its 
own server as the source addressed to the retained 
"IPb," while filling user data of the IP packet from the 
mobile communication terminal 50 in the data part of an 
IP packet to be transmitted from its own server as the 
source addressed to the retained "IPa." Here, the de- 
tecting process at Z3b shown in FIG. 16 is carried out. 
When obtaining "IP' a" atZ4, the mobile communication 
terminal 10 transmits a synchronization registration re- 
quest message to the home agent. The synchronization 
registration request message is an IP packet, which may 
be "IPsa, IP'a; SNa, SNb, mobile." 
[0291] When receiving the synchronization registra- 
tion request message, the home agent retains data 
"IP'a" and "mobile," and transmits a synchronization 
registration response signal to the mobile communica- 
tion terminal 10. 

[0292] After that, when the above communication 
monitoring function of the home agent detects as de- 
scribed above, the home agent transmits a start signal 
to the mobile communication terminal 10. 
[0293] The mobile communication terminal having re- 
ceived the start signal transmits an IP packet to the 
home agent over the mobile communication network, 
using the IP address "IP" a." The home agent retains this 
IP packet in the buffer 1 , and transmits the IP packet to 
the mobile communication terminal 50. 
[0294] Gn the other hand, the IP packet from the mo- 
bile communication terminal 50 is retained in the buffer 
2, and transmitted, addressed to "IP'a." 
[0295] Hereinafter, the effects and merits will be de- 
scribed with reference to FIGS. 19(a), 19(b), 20(a) and 
20(b). 

[0296] FIGS. 19(a) and 19(b) are diagrams for illus- 
trating effects provided when this invention is used. A 
system (a communication system) 100a shown in FIG. 
19(a) is before this invention is applied. In FIG. 19(a), 
the user A moves to a different kind of network (an IP 
network 400a) during a data communication over a mo- 
bile communication network 300. After moving, the user 
A needs to once disconnect the data communication, 
re-dial in environments of another network, and carry 
out a process from call connection to data communica- 
tion. 

[0297] A communication system 100 shown in FIG. 
19(b) is applied this invention. Even when the user 
moves into a different kind of network during a data com- 
munication over the mobile communication network 300 
or the IP network 200a, seamless handover is possible. 
[0298] In the communication system 100, the mobile 
communication terminal 10 in data communication over 
one IP network 200a to which the mobile communication 
terminal 10 is first connected can move to the mobile 
communication network 300, with the communication 


being continued, or the mobile communication terminal 
10 in data communication over the mobile communica- 
tion network 300 to which the mobile communication ter- 
minal 10 is first connected can move to the IP network 
5 200a without disconnecting a session of the data com- 
munication. 

[0299] FIGS. 20(a) and 20(b) are diagrams for illus- 
trating another effect of this invention. When the mobile 
communication terminal 10 shown in FIG. 20(a) ex- 

10 changes data with a mobile communication terminal 50 
of a user in abroad, resources belonging to the mobile 
communication network 300, an international connec- 
tion network 302 and a mobile communication network 
303 of the communication destination terminal for the 

15 data exchange are used. For this, the user is required 
an access charge of the international connection net- 
work 302, in addition to the use charges of the mobile 
communication networks 300 and 303. 
[0300] The communication system 1 00 shown in FIG. 

20 20(b) is applied this invention. When the mobile com- 
munication terminal 10 belonging to the mobile commu- 
nication network 300 exchanges data with the portable 
terminal 50a in abroad, the user can switch the session 
so that the communication is carried out via the closest 

25 access server charging a low user cost at any time and 
exchange data overthe IP network 200a even if the user 
of the mobile communication terminal 10 moves during 
the communication overthe mobile communication net- 
work 300 using the portable communication terminal 10. 

30 [0301] As above, it is possible to decrease the number 
of resources of the repeating networks transferring IP 
packet data so that the delay time of the packet data is 
shortened when the user accesses to the IP network 
200a. 

35 [0302] The Data communicating process in the IP net- 
work 200a and the data communicating process in the 
mobile communication network 300 are fused seam- 
lessly, thereby promoting use by the users. 

40 (A1 ) Description of First Modification of First 
Embodiment of the Invention 

[0303] In the communication system 100 according to 
the first embodiment, the mobile communication termi- 

45 nal 10 can be connected to the IP network over wires. 
Incidentally, the communication system (not shown) in 
a first modification is similar to the communication sys- 
tem 100 unless specifically mentioned. Other than 
these, like reference characters designate like or corre- 

50 sponding parts in the drawings, repetitive descriptions 
of which are thus omitted. 

[0304] FIG. 21 is a schematic diagram showing a 
structure of an IP network according to the first modifi- 
cation of the first embodiment of this invention, An IP 
55 network 200c shown in FIG. 21 is similar in function to 
the IP network 200a, whereas a hub (hub apparatus) 1 1 ' 
is connected to a repeating server 12, and a wire line 
80b is connected to the hub 1 1 ' , via which a mobile com- 
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munication terminal 80 is provided. 
[0305] The wire line 80b is a LAN cable. The hub 11' 
transfers IP packets. The mobile communication termi- 
nal 80 has an adapter 80a to establish a communication 
with the hub 11\ along with a cellular phone 10a. Where- 
by, the mobile communication terminal 80 can transfer 
data over the wires, instead of by radio. 
[0306] The mobile communication terminal 1 0 has an 
IP protocol processing function as a terminal which be- 
longs to a radio LAN and has a communicating function 
with a radio hub 11, along with a mobile communication 
protocol processing function as a cellular phone. 
[0307] With the above structure, the mobile commu- 
nication terminal 10a carries out a data communication 
with the hub 11', whereby the user can access from the 
IP network 200c to the IP network 200b. 
[0308] As above, a communication system can be 
configured with existing installations. 

(B) Description of Second Embodiment of the Invention 

[0309] In each of the first embodiment and the first 
modification of the first embodiment, the home agents 
1 (1 50) and 41 are provided in the IP networks 200a and 
200b, respectively. However, the home agents 1 (150) 
and 41 may be provided outside the IP networks 200a 
and 200b, respectively. 

[0310] FIG. 23 is a diagram showing a structure of a 
communication system 1 00b according to a second em- 
bodiment of this invention. A communication system 
100b shown in FIG. 23 is a system which can fuse the 
mobile communication network and the IP network to 
communicate with each other. The communication sys- 
tem 100b comprises mobile communication terminals 
10 and 50, a mobile communication network 300, an IP 
network (service provider) 501, and IP networks 500a 
and 500b. 

[0311] The communication system 100b shown in 
FIG. 23 differs from the communication system 100 in 
that the home agents 501 a and 501 b are provided in the 
IP network 501, not in the IP networks 200a and 200b. 
In other words, the two home agents 501a and 501 b car- 
rying out the SyncML communication are provided in- 
dependently of the IP networks 500a and 500b. 
[031 2] The service provider 501 is an enterprise or the 
like providing a chargeable connection service to the IP 
network to users. The service provider 501 comprises 
a home agent (first server) 501a, a home agent (second 
server) 501b, and gateway servers 501c (GWc) and 
501 d (GWd). 

[031 3] The IP network 500a is connected to the home 
agent 501a which can communicate with the mobile 
communication terminal 10, functioning as a first packet 
network similar to the IP network 200a. The IP network 
500b has the home agent 501b which can transmit and 
receive data to/from the home agent 501a, functioning 
as a second packet network. The user can be handed 
over without being aware of his/her position. 


[0314] The home agent 501 a is a server connected to 
the IP network 200a. The home agent 501a comprises 
a mobile communication network transmitting/receiving 
unit 1e, an intra-network transmitting/receiving unit 1f, 

5 an inter-network transmitting/receiving unit 1g and an 
agent server application processing unit 1a. 
[0315] The mobile communication network transmit- 
ting/receiving unit 1e transmits/receives packets over 
the mobile communication network 300 to/from the mo- 

10 bile communication terminal 10, which can communi- 
cate with both the mobile communication network 300 
and the IP network 200a. 

[0316] The intra-network transmitting/receiving unit 1f 
transmits/receives a packet containing synchronization 

15 data relating to synchronization and user data to/from 
the mobile communication terminal 10. 
[0317] The inter-network transmitting/receiving unit 
1g transmits/receives data with the home agent 501b 
connected to an IP network 200b which differs from the 

20 mobile communication network 300 and the IP network 
200a and can communicate with a communication des- 
tination terminal (the mobile communication terminal 
50). 

[0318] The agent server application processing unit 
25 1a is inputted data from the mobile communication net- 
work transmitting/receiving unit 1e, the intra-network 
transmitting/receiving unit 1f and the inter-network 
transmitting/receiving unit 1g, and outputs the data 
thereto. 

30 [0319] The home agent 501 b is similar in structure to 
the home agent 501a. 

[0320] The gateway server 501c is provided, for ex- 
ample, on a boundary between the IP network 200a and 
the mobile communication network 300, and has a func- 

35 tion of passing a specific IP packet having a specific IP 
address between different kinds of networks (the IP net- 
work and the mobile communication networks). The 
gateway server 501 d is provided, for example, on a 
boundary between the IP network 200b and the mobile 

40 communication network 300 to pass a specific IP packet 
having a specific IP address between different kinds of 
networks. 

[0321] It is thereby possible to decrease the load and 
manage the networks efficiently. "On the boundary" sig- 

45 nifies "providing in either the IP network 200a or the mo- 
bile communication network 300." 
[0322] Other than the above, like reference charac- 
ters designate like or corresponding parts or parts hav- 
ing like functions, further descriptions of which are thus 

50 omitted. 

[0323] With the above structure, a process for data 
communication is carried out just as done in the process 
described above in the first embodiment. 
[0324] The second embodiment can be applied to the 
55 Internet service to the public, as well. 

[0325] Even when the home agent is not provided in 
an IP network (an IP network in an enterprise or the like) 
as above, it is possible to provide the service by provid- 
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ing the processing unit to the service provider. Namely, 
even when the home agent is disposed in the service 
provider, the same effect can be provided. 
[0326] When the mobile communication terminal 10 
is in data communication over the mobile communica- 
tion network 300 or over the IP network 500a in the com- 
munication system 1 00b, the mobile communication ter- 
minal 1 0 can be seamlessly handed over even when the 
mobile communication terminal 10 moves into a differ- 
ent kind of network, thus the user can move freely with 
the data communication being continued. 
[0327] As above, it is possible to decrease the number 
of resources of repeating networks transferring IP pack- 
et data, and shorten the delay time of packet data when 
the user accesses to the IP network 500a. 

(C) Others 

[0328] Note that the above examples are not limited 
to Bluetooth protocol, but any one of various protocols 
may be used as the short-distance radio communication 
protocol. 

[0329] The mobile communication terminals 10 and 
50 may transmit/receive data to/from each other in an 
information transmitting/receiving system other than 
SMS. 

[0330] Each of the above management tables 44, 44a 
and 44b stores two kinds of IP addresses. However, the 
management table may store three or more kinds of IP 
addresses. 

Industrial Applicability 

[0331] According to this invention, the user can con- 
currently use a communication system such as a mobile 
communication system such as IMT-2000 (International 
Mobile Telecommunications - 2000) or an existing sub- 
scriber mobile communication service, and an Internet 
communication system such as an inter-office system 
configuring an IP network, an Internet connection sys- 
tem provided by a service provider or a system provided 
by a value added service provider. Data communication 
over the IP network and data communication over the 
mobile communication network are seamlessly fused, 
whereby the user can be handed over without a discon- 
nection of the communication during the communication 
using one mobile communication terminal. 


Claims 

1. A server disposed in a packet network to repeat a 
packet between a first terminal and a second termi- 
nal comprising: 

a session managing unit storing a first address 
of said first terminal assigned to a first session 
representing a connection status between said 


server of its own and said terminal and a sec- 
ond address of said first terminal assigned to a 
second session representing a connection sta- 
tus between said server of its own and said first 

5 terminal; 

a receiving unit receiving a packet containing 
user data from said second terminal; 
a switching unit switching from said first ses- 
sion of a packet having said first address as a 

10 destination and containing said user data to 

said second session of a packet having said 
second address as the destination and contain- 
ing said user data on the basis of said address- 
es stored in said session managing unit; and 

15 a transmitting unit transmitting said packet us- 

ing said second session switched by said 
switching unit. 

2. A server disposed in a packet network to repeat a 
20 packet between a first terminal and a second termi- 
nal comprising: 

a session managing unit storing a first address 
of said first terminal assigned to a first session 

25 representing a connection status between said 

server of its own and said first terminal and a 
second address of said first terminal assigned 
to a second session representing a connection 
status between said server of its own and said 

30 first terminal; 

a receiving unit receiving a packet having said 
first address or said second address as a 
source address and containing user data from 
said first terminal in said first session or said 

35 second session; and 

a transmitting unit transmitting a packet con- 
taining said user data in said received packet 
and having an address of said server of its own 
as the source address to said second terminal 

40 in both said first session and said second ses- 

sion. 

3. The server according to claim 1 or 2, wherein said 
first address is either an address assigned by a mo- 

45 bile communication network or an address as- 
signed by said IP network, and said second address 
is the other address. 

4. The server according to claim 1 , wherein said first 
50 session is either a session in which said first termi- 
nal communicates with said IP network over a mo- 
bile communication network or a session in which 
said first terminal directly accesses to said IP net- 
work to communicate with the same, and said sec- 

55 ond session is the other session. 

5. The server according to claim 1, wherein said 
switching unit monitors a quality of a radio signal 
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transmitted from said first terminal in said first ses- 
sion, and switches said first session or said second 
session on the basis of predetermined detection. 

A mobile communication terminal accessing to a 5 
mobile communication network connected to a 
packet network to be able to carry out a packet com- 
munication with a server in said packet network 
comprising: 

10 

an access obtaining unit directly accessing to 
said packet network, not over said mobile com- 
munication network, to obtain an access for a 
packet communication; 

a control unit controlling said address obtaining 15 
unit to obtain an address when a predetermined 
operation is performed on said mobile commu- 
nication terminal or it is detected that a direct 
access to said packet network becomes possi- 
ble during the packet communication with said 20 
server; and 

a switching unit switching the packet communi- 
cation with said server to a packet communica- 
tion by a direct access to said packet network 
using the address obtained by said address ob- 25 
taining unit. 

A mobile communication terminal directly access- 
ing to a packet network connected to a mobile com- 
munication terminal, not over said mobile commu- 30 
nication network, to be able to carry out a packet 
communication with a server in said packet network 
comprising: 

an address obtaining unit directly accessing to 35 
said mobile communication network to obtain 
an address for a packet communication; 
a control unit controlling said address obtaining 
unit to obtain an address when a predetermined 
operation is performed on said mobile commu- 40 
nication terminal or it is detected that a direct 
access to said packet network becomes possi- 
ble during the packet communication with said 
server; and 

a switching unit switching the packet communi- 45 
cation with said server to a packet communica- 
tion by a direct access to said mobile commu- 
nication network using the address obtained by 
said address obtaining unit. 

50 

The mobile communication terminal according to 
claim 7, wherein said control unit notifies said server 
of said obtained address before the switching. 

The mobile communication terminal according to 55 
claim 7, wherein said switching unit switches ac- 
cording to an instruction from said server. 


10. The mobile communication terminal according to 
claim 7, wherein said switching unit stops to trans- 
mit a packet for the packet communication with said 
server according to a first instruction from said serv- 
er, switches according to a second instruction after 
said first instruction, and starts to transmit a packet. 

11. A radio apparatus disposed in a packet network to 
carry out a radio communication with a mobile com- 
munication terminal comprising: 

a measuring means measuring a receive qual- 
ity in said radio communication; and 
a transmitting unit transmitting a received pack- 
et from said mobile communication terminal, a 
measured receive quality or deterioration infor- 
mation generated on the basis of said receive 
quality to a server in said packet network which 
is in communication with said mobile commu- 
nication terminal. 

12. A communication method in a communication sys- 
tem comprising a server disposed in a packet net- 
work and a mobile communication terminal being 
able to access to both a mobile communication net- 
work connected to said packet network and said 
packet network, comprising the steps of: 

sending a packet to be transmitted when said 
mobile communication terminal carries out a 
packet communication with another terminal 
via said server, and controlling a source ad- 
dress of the packet to said another terminal by 
said server so that the source address of said 
packet remains unchanged before and after a 
switching of the network to which said mobile 
communication terminal accesses. 

13. The communication method in a communication 
system according to claim 1 2 further comprising the 
steps of: 

notifying of an address to be used in a network 
to be switched to from said mobile communica- 
tion terminal when the network to which said 
mobile communication terminal accesses is 
switched; and 

switching a destination address of a packet 
from said another terminal to said notified ad- 
dress by said server when the network to which 
said mobile communication terminal accesses 
is switched. 

14. A communication method in a communication sys- 
tem comprising: 

a first session communication step at which a 
first terminal communicates with a first server 
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in a packet network over a mobile communica- 
tion network using a first session representing 
a connection status between said first terminal 
and said first server; 

a synchronous communication step at which 5 
said first server starts a synchronous commu- 
nication with a second server in said packet net- 
work; 

a synchronization registration request trans- 
mission step at which said first terminal trans- 10 
mits a synchronization registration request us- 
ing a packet communication set between said 
first terminal and said first server; 
a second session establishment step at which 
a second session representing a direct connec- * 5 
tion status between said first server having re- 
ceived said synchronization registration re- 
quest and said first terminal is established; 
a handover step at which said first server hav- 
ing received said synchronization registration 20 
request hands over; 

a switching step at which said first terminal 
switches from said mobile communication net- 
work to said packet network; and 
a communication step at which said first termi- 25 
nal communicates with said second terminal 
over said switched packet network using said 
synchronous communication started at said 
switching step. 

30 

15. A communication system comprising: 
a packet network; 

a mobile communication network connected to 
said packet network; 35 
a server disposed in said packet network to re- 
peat a packet between a first terminal and a 
second terminal; 

said first terminal transmitting/receiving a pack- 
et to/from said server directly or over said mo- *o 
bile communication network; 
said server comprising: 

a session managing unit storing a first ad- 
dress of said first terminal assigned to a 45 
first session representing a connection sta- 
tus between said server of its own and said 
first terminal and a second address of said 
first terminal assigned to a second session 
representing a connection status between 50 
said server of its own and said first termi- 
nal; 

a receiving unit receiving a packet contain- 
ing user data from said second terminal; 
a switching unit switching from said first 55 
session of a packet having said first ad- 
dress as the destination and containing 
said user data to said second session of a 


packet having said second address as a 
destination and containing said user data 
on the basis of said addresses stored in 
said session managing unit; 
a transmitting unit transmitting said packet 
in said second session switched by said 
switching unit; 

said mobile communication terminal compris- 
ing: 

a transmitting/receiving unit transmitting/ 
receiving a packet to/from said server in 
said packet network directly or over said 
mobile communication network connected 
to said packet network; 
an address obtaining unit obtaining an ad- 
dress for a packet communication from the 
packet received by said transmitting/re- 
ceiving unit, generating a packet having 
said obtained address and directly access- 
ing to said packet network; 
an address managing unit storing said ad- 
dress for the packet communication ob- 
tained by said address obtaining unit; 
a control unit controlling said address ob- 
taining unit to obtain said address for the 
packet communication when detecting a 
predetermined operation or a status in 
which a direct access to said packet net- 
work becomes possible during the packet 
communication with said server over said 
mobile communication network; and 
a switching unit switching from the packet 
communication with said server over said 
mobile communication network to a packet 
communication by a direct access to said 
server when said control unit detects, and 
inputting the address for a packet stored in 
said address managing unit to said ad- 
dress obtaining unit. 
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IP ADDRESS MANAGEMENT TABLE 


TERMINAL IDENTIFICATION 
INFORMATION MACa 

NUMBER 

IP ADDRESS 

1 

200. 200. 200. 201 

2 

200. 200. 200. 202 



N 

200. 200. 200. 20* 


TERMINAL IDENTIFICATION 
INFORMATION MACb 

NUMBER 

IP ADDRESS 

1 

200. 200. 200.211 

2 

200. 200. 200.212 



N 

200. 200. 200.21* 


TERMINAL IDENTIFICATION 
INFORMATION MACc 

NUMBER 

IP ADDRESS 

1 

200. 200. 200. 221 

2 

200.200.200.222 



N 

200. 200. 200. 22* 
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SYNCML TABLE 



TERMINAL 1 DENT 1 CAT ION INFORMATION SNa 


BUFFER NUMBER 

PACKET NUMBER 

HEADER POINTER 

FOR 
TRANSMISSION 


1 

OxOa 

# 1 

2 

OxOb 




N 

OxOf 


BUFFER NUMBER 

PACKET NUMBER 

HEADER POINTER 

FOR 
RECEPTION 


1 

Oxla 

# 1 

2 

0x1 b 




N 

Oxtf 



TERMINAL I DENT 1 CAT I ON INFORMATION SNc 

FOR 

TRANSMISSION 

BUFFER NUMBER 

PACKET NUMBER 

HEADER POINTER 

# 2 

1 

0x2a 

2 

0x2b 


N 

0x2f 

FOR 
RECEPTION 

BUFFER NUMBER 

PACKET NUMBER 

HEADER POINTER 

#2 

1 

0x3a 

2 

0x3b 


N Ox3f 



TERMINAL 1 DENT 1 CAT ION INFORMATION SNd 

FOR 
TRANSMISSION 

BUFFER NUMBER 

PACKET NUMBER 

HEADER POINTER 

#3 

1 

0x4a 

2 

0x4b 


N 

0x4f 

FOR 
RECEPTION 

BUFFER NUMBER 

PACKET NUMBER 

HEADER POINTER 

#3 

1 

0x5a 

2 

0x5b 


N 0x5f 


EP 1 418 713 A9 (W1 A1) 



CO LXJ 


o 

£S 

C3 

UJ 
OS 

_ z 
o 

<: cu 

rvj — 

a: q_ 


o 


'oo 


CO 


s 

a; 


Csl 

T — 

d 



a: 


LU 
U- 


U_ LU 


ZD _J 


CO CD 


< 




o 

UJ 

— —J 


OO S 


CO o 

Zj 

— z 

^ 

2E >- 


CO CO 


z 



z: 





o 


^ co Z 

2£ O 

2 co g 
<c 02 >: 

O fj 

S a. 

C3 


LU 
CO 

z: 
o 
a, 
oo 

. LU 
LU OC 
CO 


'CO 



O 
UJ 
CO 


ct: 

00 
UJ 


o 


CO 


CO 


EP 1 418 713 A9 (W1A1) 


^ < z: 

^ W 


o 

o 


CO 

T— 

d 

Li. 


< 


o 
a: 


2 N 


3^2 

5 58 


s 


1 


CO 


J , 


• .o 


i , , s 


<o 

2: 
oo 

<d 

CO 

CO 

a. 


2T * 
LU *Z 
fV CO 

LU - 
li- £ 

° « 

1 1 1 to 
lZ » 
go a. 


o 

CO 


CO 


2 


>- 
o 


oc 
o 


00 


5£oc 

LU OC ~ 

oc 00 


a: LU : 

LU LU 
U- ^ 
CO I— 
Z LU 
g CO 


04 
CO 


CO 

«< cr 

LU 

u_ 

5 2 oc 

LU CC ~: 

or co ?: 
uj ^ 

— lu r: 
ox? 

<s 

oc LU 3 

LU LU ^ 
LL % 
CO >— 
Z LU 
-< CO 


Z JQ 
LU 

oc to 

LU 2 

U. CO 
U_ 

— .Q 

o 2: 

CC CO 

. lu a. 

CO 

2r TO 
<C CO 

oc a. 


CO 

2: 

CO 

2: 

CO 
CO 

CO 


CO 
CL 


< 

2 


LO 
CO 


J 


2: 
CO 

CO 

2: 

CO 

CO 

CO 

a. 


-Q 
CO 
CL. 


LU 
O 


o 
o 


CO 

JO 
2: 
CO 

_Q 
CO 


CO 
CO 
Q- 


o 


LU 


o 
o 


LU 


LU 
CO 


o 
o 


00 


o 


ac 
o 


I I 


EP 1 418 713 A9 (W1A1) 



EP 1 418 713 A9 (W1A1) 


LU 
—J 


CD 


GO 

oo 


00 


Of 

o 


LU 


LU 
< 
LU 


oo 
CO 
LU 

or 
o 
o 
<: 


GO 
LU 
O 


o 


ZD 


oo 


CO 

a: co 

LU LU 

h~ a: 

00 Q 
LU Q 


LU 

a. 


00 

oo 

LU 

00 


en 

LU 


00 

oo 

LU 
OO 


o 

CM 

o 
o 

CM 

d 
o 

CM 

d 
o 

CM 


CM 

o 

CM 

o* 
o 

CM 

d 
o 

CM 

o" 
o 

CM 


CO 

o 


CM 


EP 1 418 713 A9 (W1A1) 



EP 1 418 713 A9 (W1A1) 



CO 
CO 
X 







LU 




LU 
S 


o 





o 

co X 


CO 9 »~ 

O ^ LU 




o 

X M 



EP 1 418 713 A9 (W1A1) 



EP 1 418 713 A9 (W1A1) 



EP 1 418 713 A9 (W1A1) 



EP 1 418 713A9(W1A1) 



EP 1 418 713 A9 (W1A1) 



EP1 418 713 A9 (W1A1) 


INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP01/06825 


A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 H04L12/56, H04L12/66, H04Q 7/38 


According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H04L12/56, H04L12/66, H04Q 7/38 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2001 

Kokai Jitsuyo Shinan Koho 1971-2001 Jitsuyo Shinan Toroku Koho 1996-2001 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 
A 


Y 
A 


JP 11-252661 A (NEC Telecom System Ltd.), 
17 September, 1999 (17.09.99), 
Par. Nos. [0025] to [0036]; Figs. 1, 3, 4 
Par. Nos. [0025] to [0036]; Figs. 1, 3, 4 
(Family: none) 

JP 2000-22708 A (Toshiba Corporation) , 

21 January, 2000 (21.01.00), 
Par. Nos, [0006] to [0009] 
Par. Nos. [0006] to [0009] 
(Family: none) 

JP 64-20738 A {Iwatsu Electric Co., Ltd.), 
24 January, 1989 (24.01.89), 

page 6, upper left column, line 18 to page 6, upper 
right column, line 18 (Family: none) 

JP 9-252321 A (Toshiba Corporation), 

22 September, 1997 (22.09.97), 
Par. No. [0004] (Family: none) 


1-10,12-15 
11 


1-10,12-15 
11 


11 


11 


Further documents are listed in the continuation of Box C. {^] See patent family annex. 


* Special categories of cited documents: 

"A" document de fining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing 

date 

"V document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"F* document published prior to the international filing date but later 
than the priority date claimed 


*T* later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 


Date of the actual completion of the international search 
10 September, 2001 (10.09.01) 


Date of mailing of the international search report 

18 September, 2001 (18.09.01) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 


Telephone No. 


Form PCT/ISA/210 (second sheet) (July 1992) 


EP 1418 713 A9 (W1A1) 


INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP01/06825 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


JP 2000-4255 A (Toshiba Corporation) , 
07 January, 2000 (07.01.00), 
Full text; all drawings (Family: none) 

JP 11-32087 A (NTT Ido Tsushinmo K.K.), 
02 February, 1999 (02.02.99), 
Par. Nos. [0020] to [0036]; all drawings (Family: none) 


Relevant to claim No. 


1-15 


1-15 


Form PCT/ISA/210 (continuation of second sheet) (July 1992) 


